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Placental Transfer and Fetal Tissue Uptake of Mg in the Rabbit.* (26020)

JErrY K. Atkawa axp Pave DL Bruxs
(With the technical assistance of Jacqueline 7. Reardon. Dale R. Harms and
: ‘Robert O. Linder) .
Departments of Medicine and Obstetrics and Gyuecology, University of Colorado Medical Center,
Denver

The factors regulating the metabolism of
magnesium  are obscure and very little. is
knewn about the placental trunsfer of this ion

“or its uptake in the fetal tissues. The purpose

ol the present study in rabbits was to inves-
tigate, by use of a radioactive isotope of mag-
nesium { Mgy, the muternal-to-fetal transfer
of magnesium and uptake of the isotope by
various maternal and fetal tissues,

S This work was supported iy part by contract

between U0 S0 Atomic Energy, Comm, amd the Uog

va ity and e part by o weant-in and from Plavidy

" Park Rescarch Ind

“Mutcrial and mcthods. Pregnant domestic
albine rabbits, between 28 and 30 days of
gestation. were anesthetized with sodium pen-

toburbital given inteavenously in a dosage of

40 myg ke of body weight, After a tracheo-
tomy had been performed, the carotid artery
was cannulated and an indwelling polyethyl-
ene catheter, connected to a reservoir of he-
parin, was inserted.

My w;:s then injected into the marginal
vein of the car as 1 solution of magnesium
sulfate, prepared according to @ method previ-
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ously described(1): 20 uc of Mg® was con-

tained in 2 meq of stable magnesitm.
:\l»ddm_inal cavity was exposed by a midline

incision. At intervals varving from 7 min-

utes tvo 26 hours aiter injection of Mg*, u

fetus and its placenta were removed from the
uterus. A wide V-shaped incision was made
over the tharax of the fetus and blood was
obtained by cardiac puncture with a 20-gauyge
hypodermic needle attached to a heparinized
syringe,  Simultaneously. with withdrawal of
fetal blood. a maternal blood specimen was
obtained from the carotid artery. At termina-
tion of each experiment. the maother was killed

‘hy air embolism and samples of tissues were

obtained for assays of radioactivity and mag-
nesium content.

Serum and  tissue magnesium  determing-
tions were performed by the molybdivanadate
methad. for phosphate(2). :

Radioactivity assay.” Samples of plasma

and tissuex were assayved for gamma ray activ-

ity in a well-type scintillation counter. Total
Mg* content of each fetus and placenta was
determined; samples of liver, kidney. skeletal
muscle. tibia and femur. and skull were then
removed from each ifetus and their concentra-
tions of radioactivity determined separately.
All results are expressed as percentages of to-
tal administered dose of. radioactivity.

Results. = A total of 86 fetuses and their
respective placentas were obtained from I
pregnant rabbits. Clearance of Mg* from
the maternal circulation. its concentration in
placenta and fetus, and appearance of Mg™
in fetal circulation are summarized in Fig. 1.

Changes in concentration of Mg*. Con-
centration of Mg™ in maternal plasma de-
creased rapidly during the tirst 2 hours: there-
after. the decline was slower, but progressive.
Concentration of Mg® was initially lower in
the placenta than in the maternal plasma, but
within 2 hours, placental concentration be-
came higher and remained higher thereafter.
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The progressive decrease of Mg® in the pla-
centa paralleled that in the maternal plasma.
Concentration of Mg®™ in the fetus was ini-
tially lower than that in maternal plasma or
placenta; it increased gradually. however. and
at 24 hours exceeded both maternal and pla-
cental concentration of the isotope.

Changes in Mg?" content. Average fetal
content of Mg* increased progressively (Fig.
2). Between the first and second hour it
surpassed the placental content and remained
higher thereafter. As fetal content of Mg
increased, that in the placenta decreased pro-
gressively. )

Tissue distribution of Mg+ (Fig. 3). Of
all the matcrngl tissues studied. uptake of
Mg** was lowest in the muscle.  Successively
highér concentrations of Mg™ were found in
lung, long bone, liver and kidney. Concentra-
tion of Mg*~ in all maternal tissues tended to
decrease progressively with time as concen-
tration in the fetal tissues increased.

Relative concentrations of Mg®¥ in fetal
tissues remained consistently in the following
order: (1) lung (lowest). (2) muscle. liver
and kidney (intermediate) and (3) bone
(highest). Comparison of tissue concentra-
tions of Mg®* in mother and fetus at various
time intervals revealed that concentrations of

“Mg*¥ in the kidney. lung and liver were higher

in the mother than in the fetus. Mg®* concen-
trations in fetal muscle and bone. however,
were much higher than maternal concentra-
tions. )

The maternal and fetal tisswe contents of
magnesium are summarized in Table I. Mag-
nesium content of all the tissues studied was
lower in the fetus than in the mother. the
most notable difference being bone.

Specific activities of maternal and fetal
Hver, lung, muscle and bone are summarized
m Fig, 4. By 26 hours, all values, except
thuse for maternal bone and muscle, appeared
1o reach a constant level.

ABLECE
Magriesiun,

Fissue Musels Kidney  Liver

“other 19.8% 185 1 Hro
Petus s 1.2 4 T8

Cameep kg (wet Wiy of tissite,

etal dnd Maternad Tissue Content of

Lung Boue

Comment. When Mg® was injected intra-
venously into pregnant rabbits, its clearance
from the bload stream was similar to that pre-
viously abserved in healthy voung adult rab-
bits(3). lts distribution in tissues of the

mothers was also similar to that in nonpreg-

nant animals. except for slower uptake in
bone and muscle of pregnant rabbits. I're-
vious studies have shown that. in pregnancy.
magnesium is mobilized from maternal tissues
(4). 1In addition, bone uptake of Mg tends
to decrease with age. Both of these factors
probably contributed to the low uptake of
Mg** by maternal bone and muscle,

The observation that placental concentra-
tion of Mg** at 2 hours was higher than con-
centration in maternal plasma suggests that
the placenta actively concentrates magnesium.
Because of the low specific activity of the
Mg available for this study. the mother was
subjected to a slight magnesium load. This
maternal loading may have -affected the pla-
cental concentration of Mg,

Comparison of tissue magnesium content
in mother and fetus shows a higher cuncentra-
tion of untagged magnesium in all maternal
tissues stucdied. 1n spite of the lower mag-
nesium concentration of fetal tissues, Mg*>
uptake was rapid and increased progressively.
The fact that the specific activities of all fetal
tissues and of maternal liver; kidney and lung
approached a constant value at 24 hours sug-
gests that Mg™ was at equilibrium with the
untagged element in these tissues by this
time. It is of interest that the specific activ-
ity of fetal muscle and bune was considerably
higher than that of the respective maternal
tissues.” Previous studies support the inter-
pretation that rabbit fetuses at this stage of
development are rapidly increasing in bone’
and muscle mass and. hence, turnover of mag-
nesium in these tissues is more rapid than
that in the respective maternal tissues.

Our results show that Mg™ injected intra-
venoushy” into the mother near term. rapidly
crosses the placenta and, because of the more
rapid growth of the fetus, is concentrated in
the fetul tissues. These results further sug-
gest that rate of uptake of magnesium by
various tissues is related to anabolic activities
of the cells involved.  In comparison with the
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cellular exchange of putus#ium. for instance,
transport of magnesium across the cell mem-
brane is a relatively slow process. _

. Summary. Mg®™ was injected intrave-
nously into 11 pregnant rabbits between 23
and 30 days of gestation.  Fetuses and pla-
centas were removed at intervals ranging from
7 minutes to 26 hours.  Maternal “tissue up-
take of Mg= resembled that previously found
in ponpresnant youny adult rabbits, except
that uptake in bone and muscle was slower.
Concentration of Mg™ in the placenta rapidly
rose above the maternal plasma level. Spe-
cific activity of magnesium in all fetal tissues

studied reached a fairly constant value hy 26

hours,  Magnesium turnover in tissues of
fetus in utero, especially in bone and musch
ix comnsiderably more rapid than that in th
respective tissues of the mother.

Me= was supplied by Broukhaven Liboratory o
sllocation fuem UL S, Atomic Facergy Comne,
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TECHNICAL SECTION |

"FLUOROMETRIC ESTIMATION OF MAGNESIUM IN SERUNM AND URINE

JOHN G. BATSAKIS, ALD., FRANK MADERA-ORSINI, Pi.D., DALORES STILES, B.S,,
M.T.(ASCP), axo RUSSELL O. BRIERE, M.D.

Department of Pathology (Section of Ciinical Chemistry), University of Michigan, and Clinical C

3

hemistry

Laboratory, St. Joseph Mercy Haspital, Ann Arbor, Michigan

Although magnesium is a major intra-
cellular cation, implicated in a large variety
of biochemical reactions, our knowledge of
its metabolism is quite deficient in contrast
with that of sodium, potassium, and ecal-
cium. This deficiency results chiefly from the
fact that magnesium is difficult to measure
and analyze in biologic fluids.

The bases for the niost frequently used
-procedures for the assay of magnesium are:
precipitation as magnesium  ammoniunt
phosphate or as magnesium quinolate,!s
colorimetric estimation with titan vel-
low 18 complexometrie titration with ethyl-
enediaminetetraacetic acid,® 7  emission
flame,? 2.3 or atomie absorption flame

-~ spectropliotometry,” and fluorometric meas-

tirements. 3. . 29

Although it is considered to be an “ex.
iremely  sensitive” method of chemieal
analysis,! the. fluorometric estimation of
magnesium has not been widely used in the

clinical laboratory. There ave only a few

reports of normal values of serum ma gnesium
estimated by Huorometric means,s- *- 29 and
we have been unable to find any reference to
fluorometrically estimated urine magnesium
values.

It is the authors’ purpose in this paper to
(1) describe the ranges and means of mag-
nesium in normal -serum and urine, as ob-
tained by means of a Avorometric measuve-
ment, and (2) include data pertaining to the
validity, specificity, and reprodueibility of
fluorometric estimations of magnesium in
serum and urine.,

eceived, May 8, 1964; accepted for publication
July 9,
Dr. Batsakis is Assistant Professor of Pa-
thology, Dr. Briere is a third-vear Resident in
- Pathology, and Miss Stiles is Lahoratory Tech-
nologist at the University of Michigan, Dr. Orsini
is Clinical Chemist at St Juseph Merey Hospiial,

METHODS AND MATERIALS

In order to demonstraie and evaluaze re-
producibility of results of the fluoromenr

the study was p
duplicat: mezs: :
rale clinical Uy laborztorizs, ks
Section of Clinical Chemisiry at The
versity of Michizan Medical Center, and the
chemistry section of the Clinical Labora-
tories, St. Josenh Mercy Hospital, Arn
Arbor, Michizan. Comparison with o Tan
veliow method was periormed in the Iatzer
laboratory. '

Normal serum studies were periorined o
serums from 113 biood doners to the blomi
banks of the aforerientioned institutions.

Normal urine studies were periormed on
24-hr. collections ‘rom 46 freshman medical
students at The University of Michigan
Medical School. A% distary control or
restrictions were imposs

The possinle interie
cations upon b

el

well as urine were studied v means of the’

the respecrive
cation. Finally, recovery of sdded mag-
nesium to urine wes studied. :
Estimation of the serum azd urine mag-
nesium was performed according to the
method of Schachters using 2 Tuarner
fuorimeter.* Reagents were prepared as
indicated by Schachter. The magnesium
standard (2 mg./100 ml.) was prepared by
dissolving 176.4 2. of reazenr grade erystal-
line maguesium acetate in warer diluted to
1 L This standard is stable for at least
6 months if stored at yoom temperature in a
dry polyethylene hottle. The ovine stock:
solution, prepared by dissolving 5 Gin. of

*Model No. 110, .. K. Turner Assortates,
2528 Pulgas Avenne, Palo Alte, Culifornia.
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reagent grade 8-hydroxyquinoline (free base)
in 100 ml. of ethano! iz stable for 4 weeks,
stored at 4 C. in a brown bottle. The acctate
buffers, 2 a. pH 3.5 and 6.5, may be stored
at room ten1p—v~ ure for at least 2 months.
The pH 3.5 bufler was p repared by adding
12.1 Gm. {11.5 ml) gent grade glacial
acetic acid to 70 ml. of W:Lfel and dllutmv to
100 ml. with water. Adjustment of pH is
made with 2 ¥ sodium hydroxide. The pH
6.5 buffer was preparad by dissolving 27.2
Gin. of crystalline reszgenr grade sodium
acetate in 70 ml. of water. The pH of this
butler is crivical 23 minnr variations have a
significant effect on the fluorescence of the
magresiwe oxine complex. Adjustment of
pH is made by the addition of glacial or
cdiute acetic acid. Usually less than 1 ml. of
fr!.n..ll aceric acid is nevessary for the ad-
justment. The cersencte reagent needed for
- the estimation of magnesium in the urine
was prepared by dissolving 3.72 Gm. of
reagent grade disodium ethylenediamine-
terraacetate dehvdrate (EDTA) iu 1 1. of
warer. Delonized water must be used
L."‘_rouvhmlvt e procedirs.

-

RESULTS

Serun. Yi mme lisa frequency Iu:.toumm
of the ch~tubut10u of values for serwm mag-
nesiu in 113 normal blood donors. The
mean value is 1.88 mEq. per 1., and the dis-
tribution is gaussian. The standard deviation
from the mean was 0.40 mEq. per 1. These
values compare favorably with more elabg-
rate, expeusive, and operose technics (Table
1), and the =£S.D. range is almost identical
with the 1.5 to 2.4 mEq per L. normal range
recently reported in the British Medical

Jowrnal A Duplication and reproducibility of

results were excellent, not exceeding 0.2
mEq. per L. The 1esult: in Table 2 1llu:tra.te
the reproducibility of the method, and also
provide a comparison of the fluorometric
estimated value with those obtained on the
same sawmple by means of a titan yellow
method?® in 15 of the serums. )

The effects of various cations on estima-
tion of magnesium by fluorometric means
are listed in Table 3. It may be noted that

the jouns are, in most instances, fav in excess

of the range normally found in serum and

MEAN=1.83
29!
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tn 113 normal blood donors.
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TABLE 1 TABLE 2

Meax Levers or MAGNESIUM OF NORMAL SERGAMS

Rerortep ny Vaniocs AtvTHORS

Authors ;, Year ’ Method* ; Mean

! } mEy. 7l
‘Watchorn and MeCance {19321 P. P 2.07
Halds ’ } 193 P.P 1.70
Cope and Wolfs 1942 1 P, P, 1.66
Simansengand associates? | 1047 { P, P, 1.68
Walker and Walkers2 - 1936 { P. P 1.82
Stutzman and Amatuzio® | 1953 PP 1.82
- Greenberg and associates's| 1033 H. P. 2.28
Hofman . Y937 | H. P. 1.82
Hirschfelder and Haury®e | 1038 | T. Y. 1.76
Silverman and Gardner?® | 1954 T.Y. 1.77
Kunkel and associates? 1947 1 T. Y. 1.77
Orange and Rhein? 1951 | T. Y. 1.87
Moscovic?s 1962 1 T. Y. 1.76
Haury and Cantarowt? 1942 | T.Y,; | 2.05

PP
Carr and Franks 1936 | EDTA [ 1.72
Wallach and associates? 1062 { EDTA | 2.00
Hunter? : " 1958 [ E.B. |{1.69
Smiths: P "] 1955 1 E. B. 1.73
Daviste . 1955 | F. P, 1.66
Van Fossau and associ- 1991 F.P. | 167
ates’™ - .

Aleock and associates? 1960 | F. P, 1.65
-Hanna?s - 1961 | F. P. 1.60
Wacker and Vallee® | 1058 | F, P. 2.00
Yallee and associates® 1860 [ F. P. ! 2.00
Montgomery?* 1961 | F. P. .70
Stewart and associates® 1963 | A. Ab. | 174
Schachter ) 1959 | F 2.05

Schachter® . 1901 | F 1.80
This report 194 | F 1.88

* The abbreviations used are: P, P., phosphate
Precipitation methods; H. P, hydroxyquinoline
precipitation method; T, Y., titan yellow; EDTA,
titration with EDTA; E. B, eriochrome black T,
colorimetric; F. P., flame photometric; A. Ab.,
afomic - absorption spectrophotometric; F,
fluorometric. ’

urinie. Only zine produces significant fluo-
rescence to obviate estimation of magnesium.
~ Urine. The distribution of magunesiun
velues in 24-hr. collections of urine from 46
apparently normal medical students was not
zaussian’ and was over a relatively broad
range. The mean value at 1 of our institu-

tions was 3.00 mlq./24 hr; at the other

tzhoratory the mean value was 6.05 mLq./
24 hr. The range was 1.35 to 14.00 ¥/

Costparisox o VALCES OBTAINED By MEANS OF

Durricats Frvonosmernie EstiMaTIiONs wiTH

THOSE OBTAINED BY Meaxs or Titax YELLOW

EstivaTion
Fhuorometric
Titan Yellows
1 | 2
mEq /L. wEq .
Leo | 190" | 2.16
1.85 - 1.85 2.00
2.30 2.25 : 2.50
2.20 210 2.20
1.50 1.30 ! 1.70 -
1.85 f 1.60 2.00
1.85 : 200 2.2
1.85 1.75 2.00
1.50 1.5 1.70
1.8 ) 1.50 1.8
1.75 : 1.65 2.00
S5 AT B B 3.20
200 5 100 2.30
2.05 : 2.00 ! 1.80
2.10 2.39 ! 1.82
. TABLE 3
Errecr of Vazmiors CatioNs cox 1z

Frroromzrere Estivatiox or MisNEsIUN
IN Szrey anp Urine

! Increase in
Amouat + Estimated Value

Cation i t \
) l of Magnesium
i me 1w,
Serum ;
Sodium 15 0.33
Petassivm ) 100G : 0.+7
Calcium : 10 ) 0.0
Caleium 100 i 0.45
Zine i 30 >4.0
Criue "
Sodium 1) : 0.00
Potassium - 150 0.00
Caleium ! 23 : 0.00
Phosphorus | 70 i 0.01
Zine | 2.5 1.66
Zine 10 3.45

24 hr. Duplicity of results wes not as good

as that obtained in serum. The mean dif-
ference between duplicate readings  was
0.47 mIEq. with the greatest divergence heing
2.00 mEq. between 2 readings on the same
sanmiple. Table 3 demonstrates that, as in
serum, the presence of cations other than

o= 7
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TABLE 4

RecovERIES 0 MAGNESIUM ADDED TO
Noamar UriNe

BATSAKIS ET AL.

Magnesiwm Added" : Recovery
reg. i el - e

3.0 105.0

16.0 6L.6

2G.0 : £3.0

353.0 93.0

* Indicated amouars were addad as MgCla.

zine does not pro purious elevaiion of
estimated m&:::esium valees. Data in
Table indicate that recovery of added

magnesiwm to urine is satisfactory.

DISCUI3ION

The fluoromesric estimation of magnesium
in serum and urine as outlived by Schachter
is dependent upon the observation thai
ethanolic solutions of an 3-hyvdroxyquinoline
zomplex of magnesiun: emir a characteristic

nuorescence wi ar:tiz'azed by light of wave
length at 420 mu with a peek intensity of
fluorescence at 530 mpe.® This Auorescence
of iragnesium hy drox—\'cui' oline 1s minimal
bharieh pH 3.5 1o 5.0, bur increases xapzdh
Zreims pH 3.0 o B3, Tf*w' rement in Auo-
~-trinee Trom pii 3.5 1o 9.5 is directly pro-
oorzional to the magnesium concentration
in serum and, with adjustment, to the
magnesium concentration in urine. Other
materials normally present exhibit a low
fluorescence not dependent upon pH in this
range.
chachfer tested a number of cations for
theu capacity to yield fluorescence in etha-
nol when treated with 8-hydroxyquinoline®
Ouly zinc demonstrated a significant incre-
ment in fluorescence. In the present study,
the effect of various cations, under the pH
range used for the determination of mag-
nesium, produced only slight increase in
fluorescence and a negligible increase in the
estimated value of magunesium. Confirming
Schachter’s observations, only zinc pro-
duced sufficient interference in serum and
wrine to obviate a measurement of mag-

nesiunn? 2 The amounts of zine added 1a

&

‘»-,

‘,.«
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our experiinents, however, are far in excess
of the normal concentration in serum and
urine and, therefore, the contribution of zinc
to the fluorescence in clinical situations may

-be regarded as negligible. This is particu-

latly true inasmuch as the zinc concentra-
tion in human serum and urine is only ap-
proximately 2 to 3 per cent of the mag-
nestum concentration.®- ¥

There is favorable correlation of the nor-
mal range and mean values of serum mag-
nesium as estimated by means of this fluoro-
metric method and the values obtained by
other, more widely used, technics (Table 1).

To ouwr knowledge, there have been no
previous repor ts of fluorometric estimations
of magnesium in normal urines. In fact,
there seems to be a paucity of information
pertaining to the subject of urine mag-
resium. Many of the values in Table 5 ap-

pear in their sources without information as—

to the number of normals, methods used, or
dietary influences upon the excretion. The
reports of Thorén3* Walker and Walker,®
and Heaton and Pyrah' are the best docu-
mented. The relatively wide range of normal
urine magnesium in 24 hr. suggests that
knowledge and control of dietary mag-
nesiu is important for the interpretation
of renal conservation and excretion of the
on.

TABLE 5 -~
NoryaL URINE MaGNESITM
Source Mean Racge
rEq./24 ke,
Aikawa!l Stol7
Brilish Medical Journal? 10 to 20
Danowski* 5.4
Fastham!? 14 to 24
Hinze! G to 12
Heuaton and Pyrah® 9.0 dtol3
Leichsenring and assoct- 7.0%
ates™t H
Sunderman and Boerner‘* 8.0 ;
Thorén™ 5.6 § 1.1.t0 9.8
Wacker and Vallee®t 14,0 [ 9.8 to 17.0
Walker and Walker® 9.0 ! 2.2t025.6
This report 5.0 } 1.35tn 11.0

= Al persons were women of eolivge age.
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KUMMARY

The property of fluorescence of cthanolie
solutions of magnesium 8-hydroxyquinoline

under appropriate light activation and pllis

the basis for a sensitive, relatively specific,
‘accurate, and rapid method for the estima-
tion of magnesium in serum and wine.
Interference from other cations and com-
pounds, under standard conditions, is
neglicible. Mean normal values of 1.85 mEq.
per- . in serum from 113 apparently normal
people and 5.00 mEq./24 hr. in urine from
4G apparently normal people compare
fa\mably with estimations of magnesium
obtained by means of technics othm than
fluorometric measurenent.

Fluorometric estimation of magnesium in
serum and urine is recommended for clinical
laboratory use. The value of wrine mag-
nesium as a diagnostic aid is limited by the
wide range in normal persons and, therefore,
dictary control and balance studies are
recommended for diagnostic reliability.
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MAGNESIUM: THE EFFECTS OF INTRAVENOUS INJECTIONS ON
THIE HUMAN HEART®

Mrrenenn Berxsteiy, M.D., FLACP,, axp Savurn Sivkixs, M.D,,
Pinapenris, Pa,

ERY little work is available concerning the parenteral effects of magnesium
on the heart. Ilowever, it is not uncommon to run across such statements
in the literature that “sudden death following the injection of a magnesium
salt . . . is not an uncommon occurrence. 't The literature has recently heen

summed up by Miller and Van Dellen, who in animal experiments found del-

cterious effects by maenesium on the eardiae conduction system.!  The doses
they used, however, were massive,  In view of the increasing use of maguesium
in the treatment of various types of cardiae disease.” and even more so in view
of the wreat importanee magnesium has asswed reeently as a cireulation time
agentt 4 we thonght it aprepes to doterming in a :y tematie study the intra-
venous effects of therapeutic doses of magnesium on the human heart.

METHOD

One hundred adult patients were used in this investization. One group of
34 cases was apparently free of cardiovascular discase; another group of 66
cases presented various forms and degrees of cardiac disease as outlined below.
A total of 104 sets of eleetrocardiosraphic tracings were taken—69 in the cardiae
group and 35 in the nonecardiae group.

The three standard leads of the cleetroecardiooram were taken first, The
electrocardiographie: eircuit was completed again, and simultaneously with the
taking of Lead 1, 10 c.e. of a warmed 10 per eent agueous solution of magnesium
sulfate were injected into a large antecubital vein ot the reclining patient. In
accordance with the technique of the magnesium cireulation-time test,* the first
6 c.c. were injected through a No. 18 gauge needle as rapidly as possible (requir-

spFrom the Medical Service of Dr. Mitchell Bernstein, Jewish Hospital, Philadelphia,

Presented before the Jefferson Society for Clinical Investigation, Jefferson Medical Col-

lege, May 18, 1939, Philudelphia.
Received for publication, March 8, 1939,

076

Mad 251 1311 (193



i
!
i

A AU, ikt Rt oS OASND < b b B

TN en e am it s s e R al

e Sl i i b P

LN e e s b o, s R R N N s

Tanre 1

ILLUSTRATIVE ELECTROCARDIOGRATHI¢ Erreers OF INTRAVENOUS MAGNESIUM SULFATE INJECTIONS

LN 3 SN

' BLOOD TRACING T TRACING 11 TRACING JII
CASE | NAME | SEX | Aqr PRESSURE DEPAKRTURES FROM CHANGES DURING CHANGES ONE JOUR REMARKS
SYST. | DIAST, NORMATL AMAGNESIUM INJECTION AVTER INJECTION
112 | AL M 20 104 60 (None T, ruised  (was flat) QRN decreased ampli- Noneardiae putient
tude: T, raised  (wasiDuedenal uleer
flat): QRS, incrensed
amplitude
56 | AT, ¥ 61 160 78 1P waves low; QRS |QUS,  maderately  in-iNone Arteriosclerotic heart
slightly  sdorred W ercased amplitwle; W disense
QRS, QRR maore murked
70 | M.G. M 63 | 126 40 Right axis  deviation; [ Absence of Si I amplidAbsence of 8,5 R, wnpli-{Acute coronary throm-
) QRS slurred and}  tude warkedly in- tude markedly in- bosis;  heart  Dblock
widened to 0.12 see-!  ereased ereased (2:1 to 3:1) delayed
ond; S pronouneed in conduetion; arterio-
all trucings; 1T, in- selerotic heart disease
verted .
172 | M8 | M 67 176 T8 QRN slurved; QRN WT, 1t (higher); QES T, THat (higher); QRS Uy pertensive Lieart  dis-
shiaped  and negative:] heeame positive  and] beeume  positive and] ewse; anginn pectoris
T dvverted; T, flat] Yot the W type lost W )
53 | B.E. F 50 | 230 120 " {Left axis devintion QUNQES M shaped and morelNone Hypertensive hewrt  dis-
slightly  slurred; Q. slurred case
deep; T inverted
8 |MA. | F 54 240 140 QRS slurred; 1, diphas | None QItS, markedly deerensed/Old posterior  coronary
sic; left uxis deviation amplitude; ~ QRS, in-| thrombosis:  hyporten-
ereased amplitude sive heart disease
221 R, N. M 19 94 60 [Complete  heart WockiNone QRS, narrow Postsearlatinal - complete
(31/9/37);  wurienlur cr (decper) heart,  bloek;  three
rate 83, veniriculnr previouy sets of
rate 305 QRN pro- tracings  showed no
longed to 018 and changes
) slurred; T, inverted
Tracing  I—Net of three standard leads taken before injeetion of muaenesivm sulfute
Tracing  Tl—S8et of three standurd lends taken during injection of magnesinm sulfate

Troeing V- Set of theee stundnrd Tetdda tnken one Yane aftor in feetion

of mmnznesium sulfate

(344

ANIDIQAI AVIINITD ANV AYOLVHOLVT JO IVXENOL IHL

910



. | ' | 076

B}:RNSTEIN-SIMK!.\'S: EFFECTS OF AAGNESIUM ON HUMAX HEART 133

.qu between one and one-half and two seconds), and the balance was injected
e Jowly. Ina few cases a2() e.c. instead of 10 c.c. were injected. No injeetion
nv.luircd more than ten seconds, and most injeetions required considerably less.
In suecession, Leads 11 and 1TL were then recorded, the total time clapsing
from the moment of injeetion until the completion of Lead III being approx-
jmately three minutes. The time was spaced cqually between the three leads.
(ine hour later the standard leads were again yecorded. Three sets of tracings
were thus availuble for each case: & control set, a set taken during and closely
aiter the injection, and a et one hour after the injection. These three sets are
percafter referred to as tracing 1, tracing 11, and tracing 111, respectively.
space does not permit the publication of all of the available data, but illustrative '
cases are herein prcsomed.

Noncardiac Grou p—The group of moncardiac patients comprised 34 cases
suffering from a wide assortment of diseases. 1t included 18 females and 16
males, ranging in age from 19 to 73 years. Al were free of cardiovascular dis-
case as ascertained by history, physical examination, zmd\e\ect1'0('ardi0graphic
cvidenee. Thivty-five sets of tracings were taken.

Ten patients showed 01cctrocardiugraphiu ¢hanges. Four patients showed
delayed effects (that is. In wacing 111); six patients developed changes both
during the injection period aund one hour later. No typical elect1'0czn'ding1'aphic ,
pattern was observed. During the injection period Lead T was affected in only
one case (Uase 209) which chowed a slight decrease in amplitude T,. In one
; case (Case 61) T, was shivhtly decreased in amplitude; {he reverse held true
' in another casc (Case 1123, The other ¢hanges consisted in very slight varia-

tions in amplitnde of QRN and QR=y. The development 1 onc case (Case 79)

during the injection period of occasional U waves in Lead 1L which subse-

quently disappeared, was interesting. .
At no lime were changes noted in the P waves, the duration of the P-R in-

terval, or the heart rate. Case 112 Table 1. had two sels of tracings, of which

one showed no changes, and the other minor T and QRS chahges. All other

cases showed usually one minor variation.

Cardiac Grou p—The cardiac group comprised 66 patients, 35 females and
31 males, ranging in age from 16 to 7d. Sixtv-nine sets of tracings were taken.
One patient (Case 221, Table 1) had four sets of tracings.

PR

Arteriosclerotic Heart I)x'.s-casc.—-—'l‘\\'enty-cight patients fell in the arterio-
selerotic heart disease group: 9 had coexistent diabetes mellitus, of whom 2 had
developed acute anterior corvonary thrombosis; 3 had healed posterior coronary
thrombosis; 2 had partial heart block (one complicated by an acute coronary
thrombosis) ; one had an acute posterior coronary thrombosis; and 3 had aurien-
lar fibrillation. Two cases were complicated by pulmonary emphysema (one
with bronchial asthma).

b

Of 10 patients in the arterioselerotie heart disease group presenting electro-
cardiographic changes, only 2 showed changes -during the injection period
alone; 2 showed changes hoth during. the injeetion’nnd one hour later, and the
balance showed deferred changes only. During the injection period the changes
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were limited to inecrease of QRS, amplitude and accentuation of W QRx
(Case 56, Fig. 1), and iucrease in amplitude of T, (Case 5). Case 70, shaw,
in Fig. 2, presented a marked inerease in R, amplitude as well as an absen.
of 8, in hoth tracings IT and 1II. One case (Case 3) developed a slight incres.
in T, amplitude in tracings IT and 111. In the deferred change group (tracir.
III) were dcerease of QRS, amplitude (Case 49) and an interesting ..
(Case 168) in which QRS, changed from slurred to W. In one case (Case 12
QRS became lowered in amplitude and W shaped; in another ease (Case 64
QRS, beeame lower in amplitude with marked shurring. The left axis deviatin
present in one case hecame more marked (Case 72). T, became inverted in on
case (Case 102).

Hypertensive Cardiovascwlar Heart Discase—The hypertensive cardiove.
cular disease group comnprised 25 patients; 3 had coexistent diabetes mellitus (or.
with partial heart block), one had central nervous system syphilis, one hyperth:.
roidism, one angina pectoris, one had ¢hronie glomerulonephritis, one aurienl.:
fibrillation, one a recent anterior coronary thrombosis, one an old posteri.-
coronary thrombosis, and one an acute anterior coronary thrombosis.

Eleven patienis in the hypertensive group presented electrocardiograph!
changes. Two developed chunges during the injection peviod. 6 showed chane .
as deferred effeets and 3 showed changes during the injection period and one ho:
later. During the injection period one patient (Case 33) developed an inereis
in amplitude of QRS,; in another case (Case 33, Fig. 3) the QRS. complexes b
came M shaped with inercased slurring.  One vase (No. 31) in which QRS w.-
inverted and W shaped became positive in wracing 11 and showed a mixture
positive and negative complexes in tracing ITI. Case 63 showed an increase -
QRS; amplitude with increased slurring in tracing 11, an effect which disappear.
in tracing 111, only to be replaced by deepening of the Ty and T» waves. Anoth
interesting case (Case 172, Fig. 4) displayed an inevease of T, amplitude &
tracings 11 and IIT as well as QRS, becoming positive and losing the W. A

deferred effects (tracing TII) were: QRS showed slightly deereased ampliti:
in one case (Case 37); QORS, deercased and QRS, increased in amplitude in
case (Case 8, Fie. 5); QRS, amplitude increased and the QRRS, complex hecar
inverted in another case (Case 69); QRS, changed from negative to positis
(Case 171); QRS, showed slightly inereased slurring in one case (Case 212
and the T waves increased slightly in voltage in another case (Case 84).
Miscelluncous Cases of Cardive Discase—Of aiscellaneous group compr=
ing 8 patients there were 2 with chronic rheumatie heart disease, one with a p~
searlatinal ecomplete heart block, one with a syphilitic dissecting aneurysm of !
arch of the aorta. 2 with congenital heart disease (the heart of one was comy
cated by a subacute bacterial puhnonary arteritis). one with hyperthyroidiv
and one with a subacute bacterial endocarditis; two patients showed clectroe’
diographie changes during the injection period and one patient showed chan-
as a delaved effect. One of the foregoing cases (Case 188) developed invers
of Ty and T,. another (Case 1430 an inerease of Ry-amplitude during the i
tion period, and a third (Case 60) a marked decrease of R. amplitude as a
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Jayed effect. A case of complete heart block (Case 921)® had four sets of trae-
ings, of which the first three showed no changes, and the fourth a narrowing and
deepening of the QR%; complex one hour after the injection.

Equivocal Hcart Discase—In a group of 5 voung adults with electro-

\
cardiographic changes @3 the only evidenece of cardiac disease, 10 changes de-

veloped during the injection period. Oue patient (Case 126) developed a sinus
arrhythmia and one patient (Case 113) a slightly deeper Qu wave in tracing I1L

1n résumé, the cardiac group as a whole showed slight e]ootrqcmfdiographic
ghanges in 26 of the (6 cases. Only 6 patients weve limited to the injection period.
3 to effects both during the injection and subsequently, and 15 patients to the
deferred pericd only. An ocuts tanding teature is that the changes were confined
almost exclusively to the T waves and QRS complexes. Tiven more noteworthy
i the fact that during the true injection period (shown ouly in T.ead I of
tracing 17), only two minor changes were reeorded in the entive series. There
were no P wave changes, 10 chanees in the P-R interval or in the heart rate.
No ventrieular premature beats were noted.  There were no bradycardias or
cases of sinus arrest. Eleven patients who were recciving digitalis at the time
of the injections. chowed no nntoward effeets.

COMMENT

The striking feature is the complete lack of uniformity of changes wrought
upon the heart by wagnesiun. That maenesium may have a direct effect upon
the myocardium of the ventrieles is indicated by the slight changes in QRS
complexes and T waves gecurringe in a fairly high pereentag? of cases. 'The types
of chanees 1»1'0\1\1(10(1 durine the injection period and one hour later are prac-
tically the same, whether in the cardiac or noneardiae groups. That these
changes ave neglizible is shown by the fact that Lead T (taken during the in-
jeetion when the full brunt of the Jagnesinm was borne) showed only one slight
T, change in the noncardiae group and only one gJieht QRS, and one T, change
in 2 of the cardiac cases. Morcover, very few patients showed more than oue
lead change whether during the injection or ene hour afterwards. In 2 patients,
one a noncardiac person and the other a eritically ill complete heart block
individual, in whom two sets and four sets ot {racings were obtained respeetively,
it is noteworthy that minor chanees were obtained in only one set of tracings
in each patient. These resnlts illustrate the inconstaney of magnesium eftect.
In general, there.were as many changes in T waves and QRS complexes in one
direction as there were in the opposite. Tinally, such changes as did occur were
evancscent inasmuch as standard electrocardiograms, taken in the vast majority
of the patients within a few days after the injection, showed all magnesium
offects to have vanished entirely. Consequently, we must conclude that the
rapid intravenous injection of 10 per cent magnesium sulfate exerts no deleteri-
ous action on the heart.

1t is interesting to eompare these results with the cardiac effects induced
hy the intravenous use of 20 per cent caleinm eluconate, a substance that has
come into wide use reeently as a circulation-time reagent. In normal individuals
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caleium produeces flattening or inversion of the T waves in 92 per cent of cases,
flattening or inversion of the I’ waves in 54 per cent, and a marked bradycardia

in 67 per cent’®
calcium injections

No systematie studies of the cardiac cffects of intravenous
in cardiac patients ave available, so that we have no basis

for direct comparison of the effects of magnesium and ealeium in cardiac dis-
ease. That caleium injections clinically may lead 1o catastrophes in both normal
and diseased hearts is now well substantiated.®s
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1. The efiects

magnesium sulfate on the human® heart were recorded eleetrocardiographically

* in 100 patients.

SUMMARY

of the rapid intravenous injection of 10 c.e. of 10 per cent

The three standard leads.of the clectrocardiogram were re-
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orded prior to injection, simultancously with the injeetion, and one hour later.
fLirty-five sets of tracings were taken in 34 voncardiac patients and 69 sets
w6 cardiac patients.
‘ 2 The cardiae group included 28 persons with arterioselerotie heart disease,
2 persens with hypertensive heart disease, § persons with only electrocardio-
~raphie evidence of cardiac disease, and a miscellaneous group of § cases com-
prising 9 persons with chronie rheumatic heart discase, one with postsearlatinal
complete heart block, one with syphilitic disseeting aneurysm of the aortic
areh, two with congenital heart disease (one complicated by a subacute bac-
w-rial pulmonary arteritis), one with subacute bacterial endoearditis, and one
with hyperthyroidism.

2 In the noncardiae group 6 patients presented minor T and QRS changes

~wsually in one lead) both during the injection period and subsequently; 4

PeTSONS chowed similar ehanges one hour after injection. .

4. Iu the cardiac group similar changes were exhibited by 6 persons during
the injecetion period, hy 15 persons one hour after injection, and by 5 persons
toth during the injection period and onc hour later. ]

5 A diseussion of the changes produced leads to the conclusion that intra-
venouts magnesium  injections exert 1o deleterious effeet on the hwman heart.
The coincidental administration of digitalis vields no untoward cffeets.
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FRENCH TRANSLATION

Microanalysis of Magnesium in Various Biological Mediums
by: C. Bohuon

Clin, Chim, Acta 7: 811-817 (1962)

Recently a number of publications deal with the importance of
magnesium in various pathological syndromes and its intervention in many
enzymatic proéesses. They have brought fresh data on the physiopathology
of this element. Unfortunately the many techniques for determining magnesium
in biologiéal media suggested up until now are either not very precise or
tricky to carry out. The majority of the present techniques are based on
the colorimetric measurement of the red lake produced by titanium yellow
and magnesium in an alkaline medium or the use of complexometric titration
with various indicators of which the most well known is black Eriochrome.

The techniques based on the use of titanium yellow (for example that
of Garner or of Masson) are sufficiently precise; but recessitate the
precipitation of proteins and a fairly rapid photometric reading.

Complexometric techniques are not very brecise when serum is directly
utilised, To obtain the greatest precision it is necessary to carry out
the titration of magnesiqm in the form of ammonium magnesium phosphate,
after the elimination of calcium as the oxalate,

We therefore thought that it would be worthwhile to put a technique
at the disposition of biochemists which combines great simplicity with
sensitivity. Our purpose also was to reduce as much as possible'the amount
of serum or cerebrospinal fluid needed for the determination. Our choice
therefore recessitated proceeding with a highly sensitive reaction. In.

fact, in 1956 these authors discovered a new magnesium reagent: the sodium
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salt of 1-azo-2~hydroxy-3~(2,4-dimethy1carboxy)aniliﬁo)naphthalene-l-
(2-hydroxybenzene-4-~sulfonic acid), eight times more sensitive than

titanium yellow and very specific.

: 32 S )
e N\ u.!—-‘\'Z{—Q.L‘UJ
AR — DN

‘At pH 9-10 this reagéhﬁbis blue which a trace of magnesium in dilute
alcohol tums to pink. |

"After a number of experiments designed to eliminate the precipitation
and interference of proteins in the alcoholic medium, we adopted the
technique described below. it is only necessary to use a sample of
100 pl of plasma or cereb?ospinal fluid. But smaller quantities can be
easily used, which makes it permissible to classify this among the ultra
micfomethods. |

Suggested Technique

Materials:

A 25 ml volumetric flask preferably with a ground glass stopper;
spectrophotometer Unicam or Jobin and Yvon Moroccan standard etc, 30 mm
or better 40 mm cells,

Reagents

(1) Mann and Yoe* reagent: Dissolve 25 mg of reagent in 200 ml
of aﬁéolute alcohol R.P, with refluxing., When dissolved make up to 250 ml
with absolute alcohol, carefully.

(2) 0.08 M sodium borate: Dissolve 30.51 g sodium borate R.P, in the
cold in 500 ml of double distilled water. Make up to 1000 ml with double

distilled water, carefully. . : -

*Manufactured by LaMotte Chemical Products Co., Chestertown, Md., U,S.A,
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(3) Absolute ethyl alcohol.

(4) Concentrated magnesium solution: 1 ml = 100 ug, Weigh
1,0131 g of magnesium sulfate R.P.:MgS0,°7H20, Dissolve in a 1000 ml
volumetric flask in double distilled water, then make-up to the line on
the flask, Keep cold,

(5) Dilute magnesium soltion: 1 ml = 1 pg, by dilution to 1/100th
of the mother solution.,
Method .

In a 25 ml graduated flask, place 9.9 ml of double distilled water;

0.1 ml of serum or plasma carefully rinsing the pipette; 5 ml of reagent

1, shake; 2 ml of reagent 2, shake; make up to 25 ml with absolute alcohol,
The color develops in a2 few minutes and sometimes shows up after a

20 minutes wait. It‘is stable for 24 hours. The reading is made at 5050 R

in 30 or 40 mm cells by comparison with a blank reagent (or against water),

It is necessary to make a standard scale for each new preparation of the

Mann and Yoe reagent.

Table 1

Standard Scale for the Reagent

Preparation Blank

(ml) (ml) 1 2 3 4 5 6 7
Dilute sol, 1 ml = 1 ug 1 2 3 4 5 6 7
Double distilled water 9.9 10 9 8 7 6 5 4 3
Serum or plasma 0.1
Mann and Yoe Reagent 5 5 5 5 5 5 5 5 5
Sodium borate 0.08 M 2 2 2 2 2 2 2 2 2
Absolute alcohol q.s.p. 25 25 25 25 25 25 25 25 25
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Calculation
For the calculation refer to the standard curve (Fig. 1), The
magnesium content in mg per liter is given by the formula:

Value read on the curve in pg x 10,000 = magnesium in mg/i of

serum or plasma,

£
LR

The normal amount of Mg found by this technique in plasma or serum

is 22 mg + 3.

Critical study of the Technique

Choice of wavelength

We have studied the absorption spectra in the ultraviolet and the
visible of the reagent with and without magnesium (Fig. 2), We can see
that the spectra are very different in these two cases,

Study on the evolution of the coloring

The coloring develops very rapidly, in about 5 minutes, and it is
stable for 24 hours at laboratory temperature. This is a very great advan-

tage over most of the other techniques,



Table 2 -

Quantity Quantity Percentage Quantity Quantity Percentage Quantity Quantity Percentage
added recovered recovered added recovered recovered added recovered recovered
(ug) (ug) (ug)
1 1,05 105 2 1,95 96.5 3 3 100
1 0.93 93 2 1.90 95 3 3 100
1 1,06 106 2 2,07 103 _ 3 3.05 101
1 1.03 103 2 2 100 3 3.05 101
1 0.98 928 _ 2 2,05 101 3 2.2 97.5
2 2 100 3 3.02 100
2 2 100
Table 3
Sample No. Optical demsity Magnesium in mg/l
1 B 0.280 | 38,4 m
2 0.280 38,4 m
3 _ 0.280 38,4 m
4 0.282 : 8.5 m
5 : 0.278 3.3 m

680
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Calcium int

Calcium interference is one of the principal problems in complexometric
techniques. But we have put overloads of 20 ug of calcium in the prepara-
tions and in the range (from 1 to 8 times the quantity of magnesium present)

we have not noted any interference,

Marmesium overload

To verify the accuracy of the suggested technique, Qe loaded a number
of plasmas samples with increasing quantities of magnesium. The results
are detailed in Table 2,

The amounts added were therefore recovered &ith an average value of
near 100Z, these excellent results can undoubtedly be explained by the

very reduced number of manipulations necessitated by this method.



Reproducibility, standard deviation

The reproducibility of results is remarkable and the errors are due

solely to the pipetting and the photometric reading,

Here for example (Table 3) are the results gotten from repeating the

determination on the same serum five times,

Adaptation of the technique of magnegium determipation in urine and
serebrospinal fluid
(a) - Cerebrospinal fluid., The determination of magnesium in

(b)

cerebrospinal fluid is cérried out exactly as for plasma,
Urine. For determination in urine it is first necessary to
acidify the urine with hydrochloric acid to pH 3-4, The
urine 1s next diluted 1/10, In the case of normal urine
0.5 ml is taken, The sample size can be increased or
lessened-in the case of urine either very poor or very rich
in magnesium, It is made up to 15 ml with double distilled
water and the technique for détermination in plasma is

followed,

L.O.
[ORMNEN o
Q.300-
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Determination of magnesium in nephrotic or {aundiced gerum

In certain serums encountered in exceptional cases: nephrosis or
jaundice (bilirubinemia at 200 mg/l) direct determination is not possible
and it is necessary to clarify the serum, We have adopted the tungstic
clarification according to Folin and Wu which does not inhibit the
coloration very much as is shown on Fig, 3 and which is therefore
superior to trichloracetic acid clarification,

Method

"Serum or plasma, 1 ml; 7 ml double distilled water; 1 ml of 10%
sodiun tungstate, (shake); 2/3 N HySO4, 1 ml (shake).

Walt a few minutes and centrifuge, Make a blank by replacing the
serum with double distilled water (Table 4), Take one ml of the clear
supernatant and add successively: 7 ml of double distilled water; 5 ml of
rManh and Yoe reagent and 4 ml of 0,08 M sodium borate., Make up to 25 ml with
absolute alcohol, |

Magnesiuvm determination in red blood corpuscles

The blood 1s collected over heparin then centrifuged, Remove the
plasma, Wash the corpuscles with phyaiological serum 3 times. Take 0.5 ml
of the pure globules with a dry calibrated pipette. Let it gently run out
into 7.5 ml of double distilled water., Rinse the pipétte well by blowing
'and sucking several times in order to effect hemolysié. The rest of the
procédure is the same as for nephrotic serum,

Results obtained

The normal values are as follows: plasma, from 19-25 mg/liter with
an average of 22 mg. Red blood corpuscles, about 60 mg/1000; cerebrospinal

fluid, 24 mg/l. Urines, quite variable, on average SO-lOO'ﬁg/l. -
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Table 4

Preparation Blank lpg 2pg 3nug bpg Spg 6ug 7 ug
Dilute solution of Mg?t 1ml 2 3 4 5 6 7
Clarified (determination) 1
Clarified (blank) 1 1 1 1 1 1 1 1 :
Double distilled water 7 7 6 5 4 3 2 1
Mann and Yoe reagent 5 5 5 5 5 5 5 5 5
0,08 M sodium borate 4 4 4 4 4 4 4 4 4

25 ml absolute alcohol q.s.p.

680
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Resume

We propose a very simple, rapid microtechnique (about one minute per
determination), precise and adaptable to all the current biological
mediums., It is also possible with this technique to easily establish
magnesium distribution in infants. By reducing the sample it is also
equally possible to use it for the determination of magnesium in little

animals,
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'y SR ‘ . INTRODUCTION
De nombreuses pi thmtmm. réeentes traitent de Vimportanee du magnésium.
das divers syudzomes pathnd slogiques et de son intery ention dans bc.mcoup de pro-
Cssus epaymiatigees. Tlies ont apporté de nouvidlles préeisions sur la”physiopatho-
ade ot élinont ¥ Ratlenreusement les snultiples techniques proposdes jusqu’icd .
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b Lmk ameat, Leur oblenir ung grande pmumm il est nvwwumd ‘upérer la- titration ‘

N i mzendsium sous forme de phoc‘piuto gnnmunucu~nmgm~a)cu apres. chmmatlon. .

A ealeim sous funne dloxalate.
Nous davons doie },tma qu'il gerait utik de mettre &' ki dtapcmtmn dfss lnocln—
[mique qui allie tne: grande *-llllpll("ilh & une bonne sensibilité, Notre
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Notre choivdevait dong se portm sur un téactif d'une lmutc sensibilité. Nous
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"B 1g36 e nouveau réactif - ‘du magnésiom: le 1 -qzo-z~hydw.w~3 {2,4-diméthyl-
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Hords & nfvnhrml\ essais destinds A éviter Iapréeipitation et Vinterfe Ceep :L
cotéles en miliew alconlique, nous avons adopté 1 technique de crite Cide .
He ro négessite pour étre utilisée qu'une price d'esaai de roo gl de plasma U e

" quid: copholr-rachidien. Mais on p'-ut facilemnent utiliser des quantitds m'vmdhH
* qui penat donc de T classer p*\l’ﬂ‘ﬂ l2s ultra- mr*mmcthrsdes

TECHNIOUE PROPOSEE
I toios ja ugem de 25 ml avec bnuclnge émeri d(' prcforcncv pettmylmg,,mg;' n;
Inieem on Jobin et Yvon type Maroc, etc.; cuves de 30 mm on micus ¢e 4o mn,

{):mﬁ . .» . - - .

Réactif de Maxy ET \'OF * Dhmndm 25 my du réactif.dans 200 W 0t gy

xbsoi ¢ R.P. par ¢hullition & reflux. Aprés (‘hmmmm cmw'plf ter -2
: .:lcml absolu. Bonne conservation. -
2. Bor:te de sodiam 0.08 M: Discondre 30 51 {, de homtc de coumm Ry
h'm 1 dans 500 ml d'ean bidistillée, € nmph tu A 1,000 ml avee (h Feou Lidistii
Bonni: conservation. . S
7. Alceol éthy hr;u(- absolu, - - " 3 :
1. Solution conrentrée de magnésium: 1 ml - 100 pig. Peser 1,0131 grele sulfate de
'nam Ssinm R MgSO, 7 Ha0. Dissondre dans une ﬁo.<, }‘uwca, de 1,000 il duis,
“cau bidi tillée, puis compléter aw-trait de jauge, Conserver en charibre fredde;
5. Solution (hluce de magnésium: 1 mb = 3 15, par dilution an eentidtue o Iy
solution-ére,

“ m! d\lt,a‘.

“Modz opératoire

Dans un ballon jangé de 25 ml, mtmdmrp 9.9 ml d can hidistillée; 0.1 mide
sCrury ou phisma en ringant soigncusement Ia pipette; 5 ml de réactif 1, agiler; 2 mt
de téactif 2, agiter; compléter & 25 ml avee de Valeool absolt. - 7 .

Ta colotation se développe en quelques minutes et pent étre Ine ’mn”s ang at-”
n'{xq de .

tente de 20 min. Elle est stable pendant 2.4 h. La lecture se fait & 5050 A ev
30 01t 407 1D par comparaison avec un témoin réactif {fon contre } c.m) 1 cst nécei

saire de faire pour chaque nouvelle pré p1mn<m de réactif de \!*\m: 1T YOE une |
fameme-Ctalon. : .
TABLEAU Y
GAMME ATALON PE REACTIF )
U T Dosage | Temoin -
(ml). () 1 2 3 4 5 o 7

Sol. ;lué«. 1 ml T xpg T 2 3 4 5 6 7
).au Liadistillce 0.9 10 9 8 7 6 5 4 3
Shramy om yri Sma a1 .
Héaesif de 2asn BT YOE 5 5. 5 5 5 5 5 5 5
Yorite de s=hum o.08 M A 2 2 (2 2 2 @ 2 o =
Aled ot abeoln g.0.p, 15 E1 25 25 2% . 2§ 25 . 75

# Fabriqué par LaMotte Chemical P'roducts Co. Chestertown, Md, (USA).

Clin, Fhm, z!d‘l, g linbzy B11-217
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Mmmrms oE DU-ME DAXS MILIEEX BIOLOGIOUES

(L lcul

Your les caleuls se reporter d Ia cuux be cmlun (l'xg 1), La teneur du magndésivm
“en g par Jitre est donnde par b formule: :
valenr lue gur Ta courbe on pg;m 000 == m.tgm-amm en mg/l de séruin ou de pkusma.

v

DO
o.@é .
0.300F
0200

Q.00

- x X 2 1 4 : ’ .
1 2 3 4. 8. o6 “Puglbml . . i
_ Yig. 1? ‘ '
Les quantités normales de Mg trouvéeés par cette technifue dans le plsma ou le
sérum sont de 22 mg 3. ’ : T
tru UbE CRITIQUE DE LA TECHNIQUE .

(lmc de ld. lunxwmr zi unds

“Nows avons ¢tudic les spectres dabsorption dans Pulttaviolet et le \Nhle du ‘

Créactif avee et sans magnésium (Fig. 2). Nous pouvoxh observer que Ie s,murc L‘al s

dificrent dans Jes deux cas,

Etude de U évolution dela columtwn

La coloration se développe trés mpxdcmcnt en 5 min environ, et ¢lle est stable
i la templrature du laboratoive pendy mt 24 h. Cest un tu,> gros avantage sur Ta phi.
part d(,s autres tu,hmqum _ .

drence di calesum

L'interfé rence du caleium est une dcs principales difficultés des teelmiqe 8

complexometigues. Or nous avons fuit dos surcharges de 20 s de caleium dany

do

o3 o dans ) gunme {soit de 148 fois la quantitc¢ du m.ng,nﬁxum pn:xt‘nt) .
s n'avons constate aucune mt&rf«:ycnce o . : ) o

¥

Clun, Clivse Asda, 7 {1965 810807
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. . 1.o00 : Les quat atites a]aut\ o5 zont douc retrouvées avee une é.huation mayenie voi-
. i 1504 - . dne-de tooY); ces excellents résultats sexpliquent sans doute p w lv nontbre ties
14004 . Ot ddnil des maunipulations exiglies par cette Ihl,lh()dt
10504 T R NN
19, , Reproductibileld, Ccuid .smxul«m
s 4 .
4 e s
3-95?‘ 1 L repioduciibilité des résultats est reni Wt,\\h!r et Jes crvews sont dues umq,w—
0620 ’-" : ment pux pipetages o aux lectures p ! vtometriques, . ‘ Co
080071 } Voict par exemple les rmult‘xts obtenus e répét tast le dosage 5 fois sur k' meme
o750 | érum (Tabicau HA). 7 o : :
o 4 ; . : . v .
0.650 g‘ Aduapiation du la z‘.cluuquc th dosage clu mablu sium dam Uurine 1[ e Itquu!c u/)im!u
oo e e 41 i i
£ 800y 1 J wihi divh - . . .
_ 05501 10 ¢ G Ty . . . - .
DS Tesool N b higuide odphalo wdudxvn Pour duarf Ie magndsivin duns Je liguide u-plmlo—
Ea 4SO schidien, il suitit dopirer exac tenent comme pour Je plesas '
0.400; Urine. Poyr lerdosage dans Purine il est néeessaire d'ubord daeidifier Vurine i -
g‘;x . ki 3 avee de Pacide chlothydiique, L wine est cnsuite dilnée” 110, On en prclive.
posicy 8 - S Sa3 il dans fe cas Qurines normales, Lo prise dlessad peut ¢re augmentée on dimi-
0200 ‘ilz'fv s e cas dwrines trds paavres ow t1és riches vn pmgedsium, On complite
7 0150 15l avee de T'cau bxdtktlllcc et i(m poursuit fa technique comnie pum Ie dn-m”-
o . 0100 * dang le phmxm.
S : 0.0501 - S
L N '

: e R 0O,
300 350 400 450 500 S50 600 650 700 .. R

Tig. 2. .
Uurchorges ex wngnesmm '

Pour vérifier P'exactitude de la tcv}xmqnn proposée, nous avons surchargé de

. 0.400]
e aymbreux cchantillons de plasma avee des quantités croissantes d<, magndsinm; les o : .
T Ssultots sont détaillés dans Je Tableau T ‘ ; '
: o o 0.300
- : L ©TABLEAU IT . S TR
T T owawsi T ”'_“_”5’ i . ] :
Ouantity Dourcentage 2“;:;?:’ Quantilé DPourcentage - t:‘:;":f Queantitéi  Ponrcentq
retronrée  yéeupird 7 N?!YOXH&"'[‘ récupiyd . IOUERS " etrouvde réiupivi
S T . (ng) L 0.20¢
S © .08 105 v 1.95 o635 3 - 3 1w ‘
i .03 oy : Lo a3 3. 3 . 100 ,
P 1oh e 2 o7 103 3 3.08 101
' T e} - 103 K LI 100 3 305 101 ‘
1 o8 9% 2 L T L L3 2.0 07.5- 0100
2 2 100 . 3 202 00 - o ’
2 : 100 : :
' : TABLEAV 1L , - \ . o . —
ro _ ' e e e e, 2 ] F] 56 F oS mt ) .
l:lmulhlnn \n 1Y vsity aptique \Ia audsisem en mpfl . : i Yiw, 50 M L
. : et e - . ; : - . 3 ’ o :
H Cozho 38.4 mo ) ’ . o
Lo 3 . S
‘ ‘ e 334 x ”‘t" di wagndsinn mtm Ies scyums néphroligues :t iulériquses S :
A o 20} . . by §
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s 383 m TIPTIE A,
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SHCRODOSAGE DU Mg DANS MILIEUX MGEGIIUES -

inhibe pen (’n!m .umn camme h' montre la Fig. 3 et qm cst ainsi supérienre.i 11

© défdation tmh!m.xccttqﬂc. mo’ gical fluids has been deseribed. The use of this method nikes possible and casy

Mod: opératoire: Sérum ouplasima, 1 ml; ean }mhshnu- L txmpst'xto dn sodmm... e, l.mua of agiesium mu.xhoham in bubies or little umm.«l: (mumc or ral). .
10%,, 1 mi (agiter); HaSON 2/3, t mt (apiter). i » - .-i,“* v T o _
1 3 1 v © ; ’ - ]ilB‘L[t)(}R;\I‘HlE
‘ Attendie quelques mrinutes ot centrifuger. Faire un témoin en remplacant 35 | .
ssdrum par de Pean bidistillée (Tablewn 1V), varmdre ml du Tiquide ‘«Tﬂ"'lu(;’t.xm W Waons €, Iapunds ana bischim, méid, 2 “9%") 138

R U T DN § £ e e B §van WKaney, Clie, Chidi At!u 3 lxqsh) 305. .

VPl Aataunaw, Fldse Decloret Mddeciste, 1 “ua, 1457 Le J.ur'm siunt en palholopie: Lxpansion
Scanlipgiee Frapcaise, Paria, m;w :
A, CanavorGentm, dun. Liel. din. ( Paris) 9(;95:)»4(;.

;e e

TABDLEAU IV
o . B Dnsag; _'l'f;'milig 1 P T 9 /:" .;,m,’ ‘;,m’ 6’1' 7,,.;

: Solutia ‘lxcd-M-gﬂA . ) B iml 2 6. . CR Ganner, Diochen. f., .4 911\,,;)8'8 .
] L)ét Z;(:!lg;ze;b : . g oo . e ,3 . 1 5.0 ! UMM AssoN, Ren, frang. wulm i, of biol., 21057} 312,
k Dééat ih’m\:;n\ - = T T 1 be T 1 T . § PCK, MannN Er j H. \ox:, Amx[ 8 lum " 18 (1950) 202,
Toan tidistilbe ) St 7 el g 4 T 2 ¥ i 3 ;
Léactif de Manx BT ¥or © . 5 5 5.8 5. 5 .5 5 = P : R - . ) P . .
Harite de Na o085 4 4 T S I T e : : o : L Clin, Chim. Ada. 7 (1g62) L11-847

Alco:t absalo gis.p. 25 ml

clair ot ajouter successivement: 7 nil d'ean bidistillée; 5 ml du réactif de Mayn ey G0 ‘ B , o
Ym-‘. ot 4 mlde ?)m‘ahr de sodium 0.08 M ('omp!(‘tm‘ A2z mlavee de Valeoolabsely, 707 PR ) Sl oo

. }')osu-*e di u"ncszum dans les clobules rnug:s

Le sang est recueilli sur lupmm- puis centrifugé. fi;mmcr le p} Asma, Lavor S Sk
3 fois Jes globules avee du sérum physiologique. Avee une pipette jousde asec, ' '
prepdre 0.5 ml de i purde globmbiire. Laisser ¢eodet doncement dans 753 mldean
“bidi tillée. Vien rineer la p]p(‘ttc en soufflant ¢t aspirant phw:v-mx fois afin de véaliser c
Phénmolyee, Les opd r'mons sm\' mtes sont les mémes que duns los o6 rums nd nbm*rqum ) :

RESULTATS OBFENUS - ‘ < i el

Les valenrs norm.\l(-s sont les snivantes: I’h<;m1 de 19 4 or, mg/l avee wne - S R T
moy enne de 22 mg. Globules ronges, environ 60 mg/1,000. Liquide céphalo-rachidien,
“24 mgfl. Urines; assez variable, en moyenne 50 4 190 mg/l. L .
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RESUMEL.

Nous proposons une microtechnigoe trés qmp]o riapide (um minute enviren par . -
dosage), pricise et adaptable i tous les milicux biologiques courants, J1est possible e
aven cefte tect nmque d'¢tablir des bitins magnésicns avee une grande facilité, méme- . -
chex Jes nowrrissons, En réduisant I prise d'essal, olle peut fgaloment Stre :mhsee

- pour doser Je magndsinm chez les petits animanx;

SUMMARY ' - o S o _ R

MICRODETERMINATION OF MAGNESIUM IN BIOLOGICAT H('m
. Asimple, precise and rapid micronethod for the e Tstmmtmn of nrigaesiun in somd
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MAGNESIUM SULFATE IN PAROXYSMAL TACHYCARDIA*
By Lixy 4. Bovo, MDD, 1rae,

AND

v Scueke. MDD,

3

j’ NEAW TORK, N, Y,
Trom the Departnent of Medivine, New York Mediea? ('oﬂu.-;u-, Flower aud Fifl,
Avenne Hospicals L3 etropolitan Hospital Service)) ’

Avrnoran the cardio-inhibitory wction of inavnesina sales Lis-Liven
kimwn tor a ling GmeTET it s rarcly emploved for therapeutic pur-
'JI}“,(_‘,u'_‘jy__.g;lr«li;u- discase. Benelieial effects should be expected in
f!btnrh:uwvs resulting frome angmented wyocardial irritability or
ereased stimulus formution.

I posy, Seekles“cmployed magnesium ehloride intravenously to
Prevent arrhythmias evoked by intravenous injections of caleium
Lloride, given to cows sullering from milk fever OF grass staggers
Corass tetany),  The combination of magnesium chloride and caleium
¢iloride yielded better results. In 1935 Zwillinger recommended
Buiznesium sulfate by vein for the treatment of premature conteactions
Bud paroxysmal tachyeardins, A patient lest consciousness nnd ap-
Peared dead when wmany multifocal extrasystoles and ventrienlr

Nitter occurred after the fntravenous jeetion of .23 my. of strophan-
ting an intracardiae injection of 10 ce. of o [54¢ solution af magnesinm
silfate revived him, the flutter subsiding and the extrusystoles vanish-
g for u oshort time. Ou the basis of this experience the author
Uinployed 10 to 15 ce. of a 159 solution of wagnesium sulfate, in

nstance even 1) ce. of a 309 solution, in paticnts suffering from
baroxysmal suricular tachycardia; in all cases the tachycardia {mune-

L]
Me

Aided by o Grant from the Gouncit on Pharmaey and Chemistry, The Aurerivan
lical Amsgwintion. : . .
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diately stopped and sinus rhythm was restored.  No effect was ob-
tained with this remedy in 3 cases of auricular flutter and 2 of auricular
fibrillation. :

Medical literature is relatively silent ou the therapeutic effect of
magnesium salts on paroxysmal tachycardia.  On the basis of animal
experiments, Smith, Winkler and Holb state that “it seems rather

dosbtfa) whetlier the small doses recommended have much effect on

cordine thathin” The present paper reviews our experience with
EF psients treated by ag ptravenois hjceton ol magnesimm wmitfate.
f D

Tautk L— Reseres oF INTRAVENOCS INTECTIONS OF MAGNES[CM SCLFATE

Cti 1 Type of Disage of Etfect on Change< after
No. Name  Age diagnosis tachyctdin® Mo tach: cardia injection
I W 72 Cor.osel. pat. 20 cc. of 20 sol. 4+ Ventricular extru-
systoles
10 ce. of 109 sol. —
2 D.H. 50 Cor.sel pv.t. 20 cc. of 10% sol. +
Hypert., aurie. e
tibril. '
3 V.J. 52 Gen. arteriosel. pat.  20ce. of 209 sol. -+ Prolongation of P-R,

vontricalur extra-
systoles
Prolouzation of P-12

+

Hypert., hemi-

plegin
. . - 4
w o .4
4 1.G. 53 Pericard., Myn-  a.f. o= e 0 Alteration of flutter
card. waves naml
. conduction  dis-
turb., ventricular
1'; extrasystolea
5 M.8: 52 Lueticwortitis paf, = * = =% ™ 4 :
6 M.W. 149 Rheum. mitral pat. 20cc.of 109% sol. -~
Lesion 20ec.of 200 s0l. 4+ Prelongation of P-R
v s b Prolongation of PR
7 R W. 42 Luetic aortic  pat. 13 cc.of W05 sl —
insuf. 20 ce. of 106 sol. -
) W e Wy
R V.K. 70 Rheum:mitrul povt, &0 00—
. fesion
0 AL AL 60 Rheurn. maitral pat, 0ot
lesion
W n.s 27 No orgunic hit. paadt. =0 ot~
ohis,
it B.O. 51 Noaorzanic Wi, pat. = 0 © o0 o <
dis. )

* pat, = paroxysmal auricular tachyearding p.v.t. = paroxyswmal ventrienlar tachy-
cardia; n.f. = aurieular flutter,

Observations. The results are summarized in Fable L. Twenty
injections were given to 11 patients whose age varied between 27 and
72, Most of them had organic heart dizease and sowe severe decow-
pensation.  Light had paroxysmal auricular tachycardia, 2 paroxys-
mal ventricular tachyeurdia and Y avricular Hutter.  Excluding the last,
success was ehtained in 6 of the 10 patients with paroxvsmal tachy-
cardia. In 1 instance each of 4 attacks was abolishied by magnesiun
suliate. Ifailures were limited to those individuals who received a
10¢%, solution although this coneentration suflliced for 1 patient with
patoxysmal ventricular tachyeardia and once in a ease of paroxysmal
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“auricular tachyeardin. Tucreases of volume of the sulution seemed less
important in obtaining good re~ults than an ncrease of coneentration.
Al patients complained of a sensation of intense heat immediately
following thic injection and most of them perspired and became fushed 3
some cotupluined of dizziness; nuusey was frequent but vouliting was
rare.  General weakness was freguently noted for a short time after
the injection. -~
Irr most cases the tachyeardia ceased just before the injection was
completed or dnnnediately thereafter, Usually the attack stopped
suddenly without any change in the electroeacdiogram.  This is evi-
dent in Figure 1oL (Case 6). In this instance an anricular tachyeardia
with a rate of 166 disappeired during the injection of 20 ce. of a 20%
solution of magnesium sultate. It the elfeet is not numediate, none
should be expected afterwards. In this respect the effect of magune-
sinm subfate resembles that of quinine or quinidine administered by the
. swme route sinee the latter also acts at once or not at all.. This alse
emphasizes the importance of the concentration.

- o -~ L T
. ; . - -y "a:"/"I)
P ) . - [T AL , .
. L J - N P i TN e g 4 0 W‘_w,, 2 -
P Y St BT s R A "*'MM'A‘”W"‘\“’“ 3
AN M Vo Vg ‘

EY B BT e S P DU SRy

e - - i B Dt
L5 R R I A et N

g A N A T O oty W;z-—d\_s

; e GG

G s "ty
s a7k ek Lt Tt e e

B

' "‘\':"’"’&‘?j .
R 1 H

Fri 1o A shows the effeat of an tuntravenons infertion of mameshnn sulfale ina ense -
U Bwnixysmad anckenlar taehyveardia; B shows o prolonzation of the auricw’aventricntar
Caluetion timme and ventrieniar extrasyatoles immcediately after the ingection of this
Frbbin a ease of paroxysiual auriealar tachyeardia: in €, o puroxysmal ventriculas
t Ly eardia disappears after the intravenous injeetion of maznesium silfate.

In'3 patients the auriculoventricular conduction time of the sinus
>thm was lengthened immediately after the attach. The prolonga-
Msir amounted to 0.02 to .05 second and prisisted Jor a few seeonds,
Pusis exeneplified by Fignre 1B (Case 3). In this cose of parvoxysntl
satlar tachyenrdin, cach of Fattnek . were abofished by injection

Sl e of a2t sobation of magnesiume salinge, The prelonzition
e P-Rnterval however appeated ondy twive. A siotdar prolonea-

Cra ol the warieatoventricular condietion time s olaerved after

Section iy Case i | in Cu o G, -
Ordinarily the attack subsided abraptly withoutinteemediate chunges
“F rate or thiythin, In 3 cases, however, the rate of the tachyeardin
K:-"l‘dually slowed before it disappeared.  In Cuse 3 it fell from 1SS to

3 after cach of 2 injections; in Case 5 it changed trom 171 to 111
and in Cpye 6, 1injection caused it to fall fromn 1S1 to 166 in  attack
nd from 193 to 176 in another. .

)
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Ventricular extrasystoles were noted after the injection (Fig, 18) in
3 instances (Cuses 1, 3 and ). In 2 of thau paroxysmal auricular
tachycardin was present while auricular Hutter was present in the other.
In niome of these cuses were the ventriculur extrasystoles of a type ever
recorded in these patients previously.

The action of magnesium sulfate in a case of venteicular tachycardia
is seen in Figure 10, This 50 vear old patient suffered from coronary
~clevosis and aurieular fibriliation. The fiest part of Fyrure 1 shows
the venteieelor fachveardin before, and the second part the fibrillation
with single ventemubee oxteasystoles immediately after the injeetion
of 0 e of o 107 solution of magnesium sulfate.

Fro. 2.—"The tracings (Lead 1D, show the changesin the form of the F waves, ventricu-
Iar extrasystohea ind inerpased suciculoventricutar block alter the injeetion of magnesium
sulfate in a ease of auricular Autter.

" The injection of 20 ce. of a 20%; solution of magnesin sulfate did not
produce any change in the flitter mechanisin or the flutter rate in
the single trial o this sertes. The shape of the Fwaves changed
slightly presumably due to an intra-auricalar block and the coutinuon,
211 auriculoventricular block changed to a variable block with short
periods of 4zt block. This patient also had ventricular extrasystoles
outy when the magnesium preparation was given.  The regulac flutter
with 2:1 black hefore the injection s evident in Figure 2.0; Flgare 28
and 2¢ show the chauges i the I waves, the greater auriculoventricu-
lar block, and a ventrienlar extrasystole shortly after the injection,
The clectrocurdiogram reverted to the appearance of Figure 2.1 within
1 minntes. :

Discussion. The initial treatment of any attack of paroxysoul
tachyveardin should consist of a trial of the various vagal reflexes since
these simple measures suffice to abolish the attack in a large percentage
of the cases. Medicinal therapy is justificd ouly when these reflexes
(carotid sinns, hulbar, gag reflex, the Valsalva experiment) prove
uscless.  Morcover the oral adwmintstration of quinidine is often sue-
ceasful although several hours or a few duys ay lapze before the result
is obtained. 1t is not nuusaal, however, to encounter individuals whe
do not tolerate dreugs of the guinine gronp although the attack st be
abolizhed immedintely owing to the development of severe angingd
pain,¥ decotwpensation. or for sote other reason.  While the intra:
venous injection of quinine (quinidine) often yields an immediate and
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satisfactory response, it i3 not always mnoruons;” untoward symptoms
kave also appeared arter the injertion of mecholyl?®  Therefore, the
intravenous use of magnesium sulfate merits a definite place mnong
these drugs in the medicinal management of these disorders.

The effect of hivalent clectrolytes on cardiae antomatism and
stimulus formation varies markedly.  Barium causes a very pro-
pounced and stormy dnerease of stinulus formation; caleium acts
similarly but 15 weaker and the action becomes evident only after
iuch l.ugu doses.  Magnesinn is antagonistic to caleium and inhibits
stimulus formation; it disappears quickly from the blood but inereased
amounts cannot be recovered from the heart after aninjection. Never-
theless a1 cumulative effeet has been reported after injections are
repeated at short intervals so that eaution should be exerted in regard
to dosage, if i ~eeomd dnjection s given aiter o short interval.?

The appearance of extrasystoles under the influence of an inhibitory
drug such as magnesinm does not seem to have been prev u-usl\'
observed i man but has been reported in the experimental animal 4
The paradoxic occurrence of extrasystoles and even paroxysmal tachy-
ardins after the administration of substances which ordinarily suppress
them is o common ohservation; digitalis, potassinm and quinine in
modernte doses suppress extrasystoles while excessive amouuts may he
responsible for extrasvstoles and even ventricular fibrillation.

The developruent of disturbed anriculoventricular eonduction follow-
ing administration of magnesium salts had to be anticipated on the
basis on its depressing actiopand has been observed in animals.?t In
onr patients it fasted only for a few seconds when the concentration of
maznesinm in the blond was hizh.  While auriculoventricular condue-
tion disturbances may be scen during or immediately after a tuchy-
('_zmli:i when the condurtinn system s fatigued, the observation of a
dwtlar disturbance durimg flutter, at the height of the magnesinm
eficet, indicates that this must be attributed to the drug itsell.

\'H mntoward effects were encountered in our serivs,  Some ohserve

= heve employed a 30¢7 solntion without any aceident. !4 Winkler,

mth and [Holt report a f.lt.lht\' after the injection of 31 ce. of 1 257,

ludion without providing any detail®  However, magnesiun alt»
Fave often heen given in concentrations of 106z to 3047 by other

'f‘\"ls for coronary selerosiz, angina pectoris ;uul 50 !m‘tn \\lthullt

Horesalts We world hesitate to rmpln\' the deng whep macked

“'il'-"lli'll diomage s obvions, marked intraventeienlur condnetion
Cbances or gallop rhythucare present. Since the coneenteation in
il the drug reaches the heart is nvzpmt.mt for the (umn.,:h\ium ut
oelfect, the injeetio:n should nor e given fon feally
S tion of higher concenteations mi"')( danmcze the eart i it s given
Wi rapidly so that o moderately rapid injection is suggested. \bout
#) seconds should be taken for the mju.tlun The employinent of
13 t0 20 ce. of a 2045 solution promises greater suceess thau lasger
Yolumes of a 10 snlutmn No tmportant change of sinus rhythm
ullowed the ulnmmtb given by us. The difference of rv\pnu:.e of
& normal automatic center and an abnormal extrasy \tni.(. center is R

wii

A

|\‘u\ . (; ot
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matter of comumon obzervation and the difference in doses necessary
for dogs and man bas been previously emphasized.s '

While we can confirm the ohscevation that digitalis extrasystoles
are abolished by magnesinn sullute, the effect lasts ouly for a fow
minutes.%  Perhups some parosysmal tachycardias of multifocal origin
whicl appear after Jarge doses of digitalis or injections of strophanthin
and which, unfortunately, sometimes change into ventricular fibrilly-
tioncmay be influcnced by injections of nemesiom sulfate whereby o
dangercus aecident misht be averted.

Canclasions.  The eifect of intravenous jections of magnesinm
sulfate i 10 cases of paroxysmal teebyenrdin and 1 ease of Hutter Wit
studied. ) ) .

The injection of 0 104 solution wits heneficial in 3 ont of 8 atracks,
while w 2000 <olution succeeded in 8 out of 8 attucks. Consequently
the use of a 205 solution is advocated.

Disturbances of conduction and ventricular extrasystoles appear
for a short time after the injection.  The rate of the paroxysmul tachy-
cardia frequently diminishes hefore the tachycardia disappears.

In the doses and with the iudications discit§sed, the intravenous
injection of maznesinm sulfate may be recommended as a useful thera-
peutic procedure in paroxysinal tachyeardias.
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Spectrophotometric Determination
of Magnesium in Blood Serum
| Using Magon

Patricia J. Burcar, Albert J. Boyle, and Robert E. Mosher

A spectrophotometric method for the determination of serum magnesium using
Magon, 1-azo-2-hydroxy-3-(2,4-dimethylcarboxanilido) naphthalene-1"-(2-hydrox-
ybenzene), is presented. The serum is prepared by a nitric-perchloric acid digestion.
Interfering phosphate is removed as aluminum phosphate. The colored complex is
developed at pH 11.2 in an alcoholic medium and read at 505 mp.

P BRESENT METHODS for the determination of magnesium in biologic
fluids and their inadequacies have been reviewed by Maclntyre and
Wootton (1). In 1957, Mann and Yoe (2) introduced a color reagent
for magnesium called Magon, 1-azo-2-hydroxy-3-(2,4-dimethylear-
boxanilido)naphthalene-1’-(2-hydroxybenzene), which they reported
has a sensitivity 8 times greater than that of Titan yellow. Since then,
Magon has beeniused for magnesium determinations in sea water,
_brine (3), and rocks (4). The extreme sensitivity of this azo dye en-
courarred us to inkvestigate further the propertxes of Magon and its
application to the determination of serum magnesinm,

Present Study
Apparatus
Spectrophotometer  For this study a Coleman Universal spectro-
photometer with round cuvets, 19 X 105 mm. was used.
Digestion tubes  Universal tubes, 200 X 25 mm., Corning No. 7920,
graduated at 12.5, 25, 35, and 50 ml., or Folin-Wu rgceiving tubes of
the same dimensions calibrated at only 12.5 and 25 ml.,, Corning No.

Received for publication Aug. 5, 1963. Accepted for publication Dee. 10, 1963.
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7900, were used for both digestion and color development. It is desir-
able to recheck the 12.5-ml calibration on these tubes and place them
. in groups with 2% tolerance.

Reagents

Jagonreagent  Place 100 mg. of Magonin a 1-L. volumetric flask.
Add approximately 500 ml. of 95% ethanol and warm gently with stir-
ring. Cool and dilute to 1 L. with 95% ethanol. Filter through What-
man No. 1 filter paper to remove undissolved particles. (Magon can be
obtained from LaMotte Chemical Products Co., Chestertown, Md.)
If denatured alcohol is used, an individual check must be made to de-
termine whether or not the denaturant present will interfere.

Sodium hydroxide Prepare a solution containing 2 gm. of re-
agent-grade NaOH in 100 ml. of deionized water. _

Succinate buffer  Tlace 2 gm. of reagent-grade succinic acid into
a 150-ml. beaker and dissolve with 75 ml. of delonized water. Adjust
the pH to 5.5 with NaOH. Transfer to a 100-ml. volumetric flask and
dilnte to volume with deionized water. _

Borate buffer Dissolve 3 gm. of reagent-grade sodium borate
(Xa,B,0; - 10H,0) in 75 ml. of deionized water. Adjust the pH to 9.3
with NaOH. Transfer the solution to a 100-m]. volumetric flask and
dilute to volume with deionized water.

Methylred  Dissolve10mg. in 100 ml. of 95% ethanol.

Aluminum chloride solution Dissolve 8 gm. of reagent-grade
aluminum chloride hexahydrate in 100 ml. of deionized water.

Blagnesium stock solution  Add 200 mg. of distilled magnesium
metal to a 100-ml. volumetric flask. Dissolve, using the minimal quan-
tity of hydrochloric acid. Dilute to volume with deionized water.

Magnesium working standard  Transfer 3 ml. of the stock solution
to 2 500-ml. volumetric flask and dilute to volume with deionized water.
This gives a concentration of 12 pg./ml. ’

Standard calcium solution Transfer 250 mg. of reagent-grade
caleium carbonate to a 1-L. volumetrie flask and dissolve in a minimum
amount of hydrochloric acid. Dilute to volume with deienized water.
This solution contains 100 ug. of calcinm per milliliter.

Preparation of Sample

Pipet 1 ml. of serum into a digestion tube. Add 2ml. of concéritrated
nitric acid and 2 drops of concentrated perchloric acid. Place the tube
in an aluminum heating bloek (5) at 130° to 150°. The initial tempera-
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ture of the aluminum block is 120°. When the volume is reduced to
about 1 ml, turn the hot plate to high (180-210°). Continue the diges-
tion until the perchloric acid fumes. Add 3 drops of nitric acid and
leave on the block until dry salts start to form.

Remove from the block and wash down the walls of the tube with ap-
proximately 2-4 ml. of deionized water. Add 1 ml of succinate buffer,
2 drops of methyl red, and 1 drop of aluminum chloride. Add sodium
hydroside dropwise from a polyethylene dropping bottle until the
methyl red just turns yellow. Place the tubes jn a boiling water bath
for 5 min. Remove, cool, and dilute to 12.5 ml. with deionized water.
Centrifuge and transfer two 2-ml. aliquots of the supernatant hquid
to separate calibrated tubes. Add 5 ml. of Magon solution and mix.
Add 0.5 ml. of borate buffer, mix, and dilute to 12,5 ml, with 95% etha-
nol. Transfer to a cuvet and read at 505 my against a reagent blank.

Preparation of Standards -

Prepare standards to contain 6.0 to 42 #8. of magnesium unsing the
working standard and add 1 ml of the standard ealeium solution to
each. Prepare the blank without calcium. Treat both standards and
blank in the same manner as samples and prepare a standard ecalibra-
tion curve. : )

Results and Discussion
Optimum Conditions

The basic proplerties of Magon have lbeen described by the work of
Mann and Yoe (2). The most suitable wavelength was found to he 505
my, where there is amaximum differential between the absorption of
the magnesium complex and Ma gon. At 620 my, only Magon absorbs.
The determination of the unreacted Magon, using absorption measure-
ments at this wavelength, was investigated to determine whether this
would serve as a means of measuring magnesinm, but this approach
was abandoned because interfering substances tended to enhance er-
ror at this wavelength. At 505 my, the different coefficients of absorp-
tion of Magon and complex result in a standard curve which is not
strictly lincar unless correction is made for the unreacted dve. The

deviation from linearity is minor and for practical purposes the un--

corrected curve was used. Since unknowns are measured in the same
way as the knowns with which they are compared, there can be no error
introduced due to unreacted reagent. There is, however, a loss in sen-
sitivity to some degree. The amount of dye needed for the completion
of the reaction of 11 pg. of magnesium was 600 18- of Magon or about a
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1:3 molar ratio. The complex formation is stable with respect to time
and through a temperature range from 25° to 55°. At room tempera-
ture the magnesiuin complex remains constant for 3 days; Magon solu-
tions arve stable for at least 1 month. These observations agree with
those of Mann and Yoe (2).

The optimum conditions for complex formation depend on close con-
trol of pH and ethanol content. The spectra of both Magon and the
Magon-magnesium complex are dependent on the pH and the ethanol
. content. The ethanol is needed to keep the Magon in solution. Fur-
thermore, the pH of a given buffer system is dependent on the ethanol
content. Maximum magnesium complex development is desired with

1.ob—

Fig. 1. Effeet of pH on mag-
nesium-Magon speetra, Varia-
tion with pII of 1000 pg. of
magnesium and 300 pg. of Ma- -
gon in 25 ml. of 70 ethanol.

0.8
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MILLIMICRONS

minimal dye absorbance and interaction with other materials. As
shown in Fig. 1, the maximum development of the magnesium complex
lies between pH 11 and 12. On the other hand, the minimum color from
unreacted dye lies in the range from pi 10 to 11 (Fig. 2). )
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1032 BURCAR ET AL : Clinical Chemistry
Figure 3 illustrates graphically the strong interdependence of the
complex, pH, and ethanol content. The relationship seems to be of a
ternary nature in that ethanol content can influence the complex, pH
can influence the complex, and ethanol content can influence the pH. -
[ Ko} o
_ . pHsT.0
ok Fig. 2. Effect of pH on Ma-
e gon spectrum. Variation with
pH of 500 pg. of Magon in 23
L ml, of 70% ethanol.
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MILLINICRONS

Calcium interference is also dependent on both water and pH. With
increasing pH and/or water content, the interaction between Magon
and calcium increases significantly. This is emphasized in Fig. 4. To
minimize the caleium interference and retain good magnesium sensi-
tivity, a pH of 11.1-11.3 and an ethanol content of 76% were used.
Adherence to these optimal conditions is necessary for reproducible
results.

Digestion

Protein must be removed to avoid precipitation in the aleoholic
medium during color development. Wet-ashing seemed to be the most

f
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feasible_dpproach. It was found that 1 ml. of serum could he com-
pletely digested with minimum amounts of nitric and perchlorie acids
provided combustion tubes were used. In order to remove ammonium
salts which form during the preakdown of protein, a few additional

- 0.600

0.500

Fig. 3. Variation with pH and
ethanol content of 4.18 pg. of
magnesium and 500 pg. of Ma-  g.ao00}
gon in total volume of 12.5 mk

0.300} e
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~
Npne10.50
0.2001

pM e 1000

0100

L . 1 .
30 40 50 60 70 80

[+ 1

PER CENT ETHANOL

drops of nitric acid are added to the sample toward the end of the
digestion. All chlorides are volatilized during this digestion. No care
need be taken to remove oxidizing agents after wet ashing, since hy-
drogen peroxide was found to cause no change in the complex. 1f the
hot plate and aluminum block are preheated to 120°, the digestion
takes about 3 hr.

Interferences

The interference of ions present in serum in concentrations greater
than 0.5 pg./ml was considered. These include e (0.1-1 8 pg./mb),
Cu (1.96-2.63 pg-/ml.), Ca (90-110 pg./ml.), NH, (1.43-3.0 pg./ml.),

P (85155 pg.ml), $ (22-56 pg./ml), CL (3500-8710 pg./ml) (),

Zn (1.25 pg./ml) (7). The sensitivity of Magon makes it possible to

use an aliquot equivalent to 0.16 ml. of serum and the quantities of

jons checked were based on these relatiouships. ‘
Serum phosphate was found to cause the major interference, as

109
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shown in Table 1. In an effort to understand the nature of this inter-
ference, certain factors were investigated. This effect cannot be due
exclusively to a magnesium phosphate complex since Magon is affected
by phosphate even in the absence of magnesium, as shown in Fig. 5.

0.6001~

0.5001
) Fig. 4. Variation with pH

aund ethanol content of 43 pg. of
- caleium and 500 xg. of Magon in
total volume of 12.5 ml.

CoZisHd

0.400

ABSORBANCE
o
o
=3
]

0.200

0.100

o 1 1 ] 1 1
30 40 50 60 70 30

PER CENT ETHANOL

Phosphate does not produce a pH change and the interference is not
dependent on ionie strength. Invironmental changes such as order of
addition and higher pH will reduce but not eliminate the interference.
Its nature is unknown..

Investigations to mask or remove the phosphate led to the discovery
that aluminum effectively precipitates all the phosphate at a pH of
9.0-6.5-(Table 2). This was confirmed by spectrographic analysis. The
excess precipitant comes down as the hrdroxide. Iron is also removed.
At least 1 mole of aluminum is requived per mol/e\ of phosphoras but
large excesses must be avoided. Boiling is necessary for complete
precipitation and reduces the inclusion of magnesium in the precipi-
tate. Although aluminum has been reported to interfere (2), this con-
trolled precipitation is complete enough to avoid such problems.

109
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Table 1. INTERFERENCES, TONS PRESENT IN SrruM

Mognesinm

Ion Present Found
J RG. per 12,8 ml,

Cu . 0.05 4.18 4.18

Zn : 0.05 418 : 418

Ca 20.0 6.27 5.70

20.0 418 3.70

20.0 2.00 1.95

20.0 2,00 T o453

20.0 3.14 3.52

20.0 418 £.40

20.0 5.23 5.35

21.5 4181 4.08

40.0 418 | 3.83

NH, ‘ 30.0 884" : 8.75

‘ 60.0 8.84 | 8.50

180.0 884 | 8.00

- P (as POJ) 3.2 5.65 4.45

6.4 5.65 477

12.8 5.65 453

19.2 . 565 4.70

25.6 5.65 4.35

25.6 565 5.02

51.2 5.65 : : 5.02

12.8 2.83 1.70

35.6 2.83 2.65

8 (as S04) 11.0 418 4.23

CIO, 1.180gm. ' 3.54 -3.65

a 3.55 mg. 8.84 - 9.00

A succinate buffer with methyl red as the indicator is used to main-
tain pH 5.5-6.5 for the aluminum precipitation. It is impossible con-
sistently to add sodium hydroxide alone to the strongly acid solution
obtained from the digestion and stay within the narrow pH range
needed for complete aluminum precipitation. A buffer is necessary to
insure the correct pH and avoid re-solution of the aluminum which
oceurs at pH values greater than 6.5. Other buffers were tried with
limited success but succinate has several distinet advantages. The
precipitate formed centrifuges well. A small quantity of succinate is
sufficient to maintain the pH for aluminum precipitation and yet per-
mits the pH of the solution to be raised later for the final color devel-
opment by a second, more concentrated, buffer.
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Table 2. PnosPHATE Renovay,

Magnesium
(ng. per12.5 ml.)
Phosphorus

(ug. per 12.5 ml) Present Found
0 ' 7.30 7.27

155 } 7.30 7.20

(4] 6.40 . 6.40

155 . 6.40 6.35

Note: Aluminum ang succinate were present in all samples.

Noprveiom
Plav  Meges

Fig. 5. Effect of prhosphorus,
From left to right: 1000 ug.
magnesium and 500 g, of
Magon; 500 £g. of Magon: B.84
ng. of magnesium, 155 #g. of
phosphorus, 500 #g. of Magon;
500 wg. of Magon, 155 Ag. of
phosphorus. All speetra obtained
at pH 11.75 and with an ethanol
content of 85.5¢,

ABSORBANCE

L ] ! 1 L
400 T 500 600 700

MNHLLIMICRONS

The magnitude of the calcium interference, which was a factor in
selecting optimum conditions, is illustrated in Table 1. The interfer-
ence, which appears to be inconsistent, is compensated for by adding
caleium to a standard curve developed at the time of analysis. Table 3
represents values of such a curve obtained on two different days.
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Table 3. STABILITY OF STANDAKD Curve

Adbsorbance at Sn3 "oy

AMapnesium
(ng. per 12.5 ml.) v /22763 3-7.43
2.01 0.195 0.199
3.02 0.289 0.319
4.02 . 0.361 - ’ 0.367
5.03 ' 0.436 0.449
6.03 0.519 —
Table 4. RecoveriES o¥ HumaN Skrey
Magnesium (mg. per 100 mi, leru‘m)

Serum bdase Added dnticipated Vound
1.59 1.23 2.84 3.05
1.59 1.25 2.84 3.05
1.59 1.25 2.84 . 2.99
1.59 0.627 2.22 231
1.59 0.627 222 .16
1.59 0.627 2,22 2,38
0.795 2.51 3.31 3.36
0.795 2.51 3.31 3.14

Average recovery: 103.0 =+ 3.88%.

Ammouium ion in concentrations higher than those found in serum
does cause an interference and this precludes the use of ammonium
hydroxide for neuntralization. )

Precision and Recoveries

The average deviation of 17 deferminations on a single serum sam-
ple was +3.94% with § of these determinations having a variability
under 2%. Recovery studies were made by adding known quantities
of magnesium to a sernm (Table 4).

Serums were analyzed from 21 apparently normal subjects, aged
19-69, with the majority between 20 and 45 years. The range was
1.51-2.28 mg./100 ml. with an average value of 2.00 mg./100 ml.

Summary

A method for serum magnesium has heen presented using Magon.

" The sensitivity of the reaction is such that: (1) the measurement of

3.5 ug. magnesium with an absorbanee of about 0.230 is possible and
(2) multiple aliquots may be developed on only 1 ml. of serum if de-
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sired. A\ digestion step is necessary but if done on an aluminum block
does not require continual attention. The average value obtained on

analysis of 21 normal subjects is 2.00 mg./100 ml. with a range from’

1.51 to 2.28 mg./100 ml.
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SOME EFFECTS OF MAGNESIUM LOADING UPON RENAL
EXCRETION OF MAGNESIUM AND CERTAIN OTHER
ELECTROLYTES?
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Mendel and Benediet (1) injected magnesium
salts into animals and found that nearly all of the
maguesium could be recovered in the urine. In-
cidentally, they noted that magnesium injections
were followed by “a noteworthy rise in the uri-
nary output of caleium.”  Schwartz, Smith and
Winkler (2) made some measurements of the
magnesium clearance in their study of the renal ex-
cretion of sulfate by dogs. They found that the
renal clearanee of magnesium was always less
than that of sulfate and, therefore, “presumably
the “excretion of a small amount of some other
cation was stimulated, in order to ensure con-
tinuous clectronentrality of urine.”  Chloride ex-
cretion was  “abmost  completely repressed by
sulfate excretion.” In control periods, in three
dogs, the renal clearances of magnesium were
2, 1 and 2 ml per minute. Following the in-
jection of magnesium sulfate, in five dogs, the
magnesium clearances ranged from 12 to 24 mb
per minute with magnesium to creatinine clear-
ance ratios ranging from 0.293 to 0.45.

Several investigators (3-6) have since found
that the magnesium clearance increases after the
injection of magnesimn salts, although what ap-
‘pears to be the only study systematically relating
clearances to plasia concentrations of magnesium
has been published only in abstract form (7, 8).

Magnesium clearances, which usually have been

calculated as Uy V/Pug. are not a simple reflec-
tion of how the kidney handles this element.
Copeland and Sunderman (9), as well as others
whose work they review, have shown that a third
or more of the plasma magnesium is bound to
proteins and therefore not filtrable at the glomeru-
lus. - Willis and Sunderman (10) have published
nomograms from which filtrable magnesium and
magnesium concentrations in ultrafiltrates of se-

t Supported by Research Grant H-1837 from the Na-
tional Institutes of Health, Public Health Service.

rum may he derived from the total magnesium
and protein concentrations in serum.

The present paper extends the observations re-
ported by others by studyving the effects of mag-
nesium over a wider range of serum concentra-
tions, over rising, constant and falling serum
levels, and in subjects whose glomerular filtration
rates ranged from 25 to 196 ml. per minute,

MATERIAL AND METHODS

Thirty-four women served as subjects of the study.
None of the five nonpregnant women had any discernible
disturbance in hydration or cardiovascalar-renal function.
The remaining 29 women were sclected with a view to
getting cases with a wide range of mulin clearances,
with representatives  throughout the range.  These
women were all pregnant and were distributed as {ol-
lows: Tnormal”, 4; preeclampsia, 14; hypertensive dis-
case, 7; renal disease, thought to be chronic glomeru-
lonephritis, 4. The patients with renal disease all had
hypertension, proteinuria and renal impairment.  The
one who did not have edema, and who had not been scen
here in a previous pregnancy, was in uremia and had a
urca clearance of 3 ml. per minute. Another had a urea
clearance of 30 ml per minute and the remaining two had
inulin clearances of 25 and 52 ml per minute, re-
spectively. ‘

All patients wer¢ on an 1,800 calorie diet, which con-
tained about 30 mEq. of sodium and 90 imEq. of potas-
sium.  Howeyer, some had been in the hospital for only
a day or two while others had been in for as long as
29 days before the tests were done.

Two salts of magnesium were used, the sulfate and
the acetate. *

Procedures (a). In the ‘six experiments with mag-
nesium acetate, the fasting subjects were hydrated with
oral water in the early morning.. At abour 9 am. a
multiple-eyed catheter was placed in the bladder and
an infusion of dilute inulin and sodium para-aminohip-
purate (PAH) in 0.9 per cent saline was started. The -
concentrations of inulin and PAH depended upon the
anticipated levels of the clearances of these substances.
Priming doses of 3 Gm. of inulin in 10 per cent solution
and 0.2 Gm. of PAH in 20 per cent solution were in- -
jected through the infusion tubing. The infusion was
given at the rate of 3.7 ml per minute, using a Bow-
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man pump.  After allowing 45 minutes for equilibration,
three control clearance periods were run for inulin, PAH
and magnesium and for the urinary excretion rates of
sodium, potasstumy, calcium and chloride. “As soon as
the last control urine had been taken, 100 ml of 10 per
cent magnesium acctate [93.2 mEq. of magnesium in
Mg (CHLO.).-4 H,O] were added to the 330 ml. (circa)
of remaining infusion solution and the blood and urine
collections were continued at intervals of 15 to 30 minutes
until all of the infusion solution had heen given. The
rate of maguesium infusion was about 0.8 mlq. per
minute,

Venous blood sumples were taken midway between
urine collections and allowed to clot. At each urine
collection, the bladder was washed out with 20 ml. of
distilled water and blown out with 50 cc. of air. The
patients lay on their backs, in jow Fowler's position,
thronghout the tests.

In the experiments with magnesium sulfate, several
variations were tried.

(P). After three control periods as above, 2 Gm. of
magnesium sulfate (16.2 mEy. of magnesium in 10 per
cent MgSO,-7 H.O) was injected intravenously and
enuugh added to the infusion solution to give about 20
to 30 mEq. of magnesium per liter and an infusion rate
of 70 to 100 xlq. of magnesium per minute.  After al-
lowing 30 minutes for equilibration, three. more clear-
ance periods were run.  Then another 2 Gm. of mag-
nesium  suliate was given mtravenously and the sus-
taining  solution brought to ahout 41 mliq. per liter,
giving an infusion rate of 0.15 mEq. of magnesium per
minute.  Apain, 30 minutes was allowed for equilibration
and then three more clearance periods were run. Three
patients were studied in this way, each at three plateaus
of serum magnesium concentration. The total dose of
magnesium sulfate, as MgS0,-7 H,0, amounted to about
6.5 Gm. over a period of about three hours.

(c). After three control periods as above, 10 Gm. of
magnesium sulfate (81.2 mEq. of magnesium) in 50 per
cent solution was injected intramuscularly and the
observations continned for at least four hours. In this
variation the serum magnesium concentrations rose for
9 1o 120 minutes, were necarly constant for the next
90 to 120 minutes, then fell off. Seven patients had con-
current measurements of inulin and PAH clearances and
12 others did neot. -

(d). In six patients the serum concentrations of mag-
nesium were raised markedly and acutely and then held
nearly constant for three to four hours by injecting al-
most simultaneously 3 Gm. of magnesium sulfate intra-
venously and 10 Gm. intramuscularly (total of 105.5
mEq. magnesium). Inulin and PAH clearances were
not done in this group.

Complete .protocols for representative experiments are
shown in Tahle [.°

Magnesium was measured in duplicate in serum and
urine by the method of Simonusen, Westover and Wertman
(1) 1 it was often necessary to dilute the urine samples,
by as much as twentyfold after large doses of mag-

nesium. Inulin was measured in duplicate or quadrupli-
cate by the method of Roe, Epstein and Goldstein (12).
Urinary chlorides were titrated by the mecthod of Vol-
hard and Harvey (13). Sodium and potassium were
measured with a Perkin-Elmer 52C flame photometer,
using an internal lithium standard. Calcium was meas-
ured in duplicate by the method of Tisdall and
Kramer (13).

The magnesium clearances, as presented, are approxi-
mations because the plasma levels of magnesium were
changing during many of the observations. The ex-
pression “serum magnesium” will be used henceforth, for
this is what was measured. In some contexts, this ex-
pression will be equated with plasma magnesitm,  “Cor-
rected” maguesium clearances are those calculated from
the filtrable magnesium, as derived from the nomogram
of Willis and Sunderman (10).  Whethier or not their
nomograms can be used legitimately will be taken up in
the Discussion.

RESULTS

Effect of parenteral magnesiin upon urine flow
and clearances of inulin and PAH

As may De scen in the last two columns of Table
I, there was no consistent effect of maguesium
upon the rate of urine flow or upon the clearances
of inulin and PAH. The fluid intake was con-
stant at 3.7 ml per minute, by infusion. No com-
parison of the acetate and sulfate salts was at-
tempted, because there are too few cases. The
first three of the four procedures described in the
Methods section are represented in the table hut
were not analyzed separately, again because the
cases are so few. Data are shown only for the
first four (sometimes three) clearance: periods in
order to average the same wumber of observations
for each period.

Considering all cases together, the average
changes were smajl. This has been the finding of
previous investigators. For instance, Heller,
Hammarsten and Stutzman (3). who gave mag-
nesium sulfate to six nérmal young mien, found
an average decrease of 9.9 per cent in the PAH
clearance and an average decrease of § per cent in
the inulin clearance. Womersley (4) found no
effect of magnesium sulfate upon the inulin clear-
apce in five normal men. Etteldorf, Clayton,
Tuttle and Houck (14) loaded 15 hormal children
with magnesium sulfate and found no signiticant
changes in either PAH or inulin clearances.
Pritchard (15) found no significant effect upon
these clearances in seven women with preeclamp-
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TABLE |
Representative experiments on renal cffects of magnesium loading
I T T o Excretions (u&q./min.)
Utine Thulin PAH Serum — Mg
Subject Time flow clearance  clearance Mg Na Cl K Ca Mg clearance
min, ml. fmin. mi.fmin, mljmin, * mEq. (L, ml.fimin,
i* 0 Prime: Inulin, 3 Gm. and PAH, 0.4 Gm.
Mean of Sustaining infusion A: lnulin, 88 mg./min. and PAH, 31.5 myg./min. in 0.9% NaCl solution
3 at 3.7 ml./min.
controls ’
45-102 9.89 141 684 1.58 327 367 103 3.3 9.0 5.7
103 Sustaining infusion: 93.2 mEq. Mg in 10% Mg (CsHi04)s-4 H,0 solution added to A
102-123 10.29 153 727 1,79 322 364 106 3.6 15.2 8.5
123-144 12.57 174 724 2.64 404 490 89 129 84.3 31.9
144162 11.33 169 706 2,92 468 481 77 17.5  113.0 38.7
. 162-184 10.63 173 750 3.64 534 546 80 216 180.0 19.5
184--204 13.20 1814 744 4.03 454 722 89  30.1 237.0 58.8
2t Prime: Inulin, 3 Gm. and PAl, 0.4 Gm. .
Mean of Sustaining infusion A: Inulin, 53 mg./min. and PAH, 21 mg./min. in 0.9, NaCl solution
3 at 3.7 ml./min.
controls
45-88 5.66 60 421 1.83 234 164 60 3.3 3.3 1.8
o0 Prime: 16.2 mlZq. Mg in 109, MgSO,.7 H,0 solution
Sustaining infusion B: 5.7 mEq. Mg in 10% MgSO,-7 H,0 solution added 1o A
122135 5.08 55 414 3.12 237 139 33 11.2 27.1 8.7
135--150 4.80 48 345 3.26 260 140 29 124 31.6 9.7
150-167 14.70 43 306 3.38 254 161 30 140 30.8 9.1
170 Prime: 16.2 mEq. Mg in 109, MgSO.- 7 H.0 solution
Sustaining infusion C: 16.2 mEq. Mg in 10% MgS0;-7 1.0 solution added 1o 400 ml. of A
200-211 5.145 47 311 4.82 327 233 30 277 78.6 16.3
211224 4.47 44 286 4.50 289 192 26 241 64.8 14.4
224-238 4.29 46 292 4.64 302 20§ 29 247 62.2 13.4
3t 0 Prime: Inulin, 3 Gm.
Mean of Sustaining infusion : Inulin, 88 mg./min. in 0.9% NaCl solution at 3.7 ml. /min.
controls ‘
48-104 5.06 121 1.68 47 48 16 3.8 5.7 3.4
81.2 mEq. Mg in 50% MgS0,-7 H;0 solution, intramuscularly
104-127 4.17 107 2.02§ 79§ 648 14 12.7% 196 9.7§
127-148 4.00 115 2,71 97 110 19 16.4 46.3. 17.1
148-172 3.08 99 3.26 99 111 18 364 1395 42.8
172-194 3.37 103 3.75 108 115 19 . 421 1720 15.9
195 40.6 mEq. Mg in 509 MgSO,-7 H,0 solution, intramuscularly -
194-222 2.43 96 4.47 133 102 19 . 46.6 2155 18.2
222-244 2.41 107 5.00 152 136 21 644 31'7.5 63.5
4] Mean of
3
controls
0-118 1.92 1.69 74 44 13 1.1 6.1 3.6
118-125 24.3 mEq. Mg'in 109 MgSO.-7 H,0 solution intravenously, plus 81.2 mEq. Mg in 509,
MgSO,-7 H,0 solution intramuscularly .
137-192 2.00 3.75 268 154 17 10,6 202.0 53.9
192-252 1.75 4.16 183 143 11 119 177.0 42,5
252-312 2.20 4.01 152 129 14° 15.8 2520 62.8
312-376 1.00 3.53 73 76 5 10.5  196.5 55.7
377-380 40.6 mEq. Mg in 509, solution of MgS0,-7 H;0 solution intramuscularly
376-437 343 3.44 36 51 9 74 159.0 46.1

* Case of essential
methods.

t Case of essential hypertension in the thirty-second week of gestation,

methods,

hypertension in the thirty-ninth week of gestation,

Procedure (a), described in section on

Procedure (b), described in sectionon

I Nonpregnant “normal” patient.
. § Not used because of uncertainty
Il Case of severe preeclampsia in th

Procedure (c).
as to mean serum ma
¢ thirty-sixth week of

gnesium concentration in this period.
gestation. Procedure (d).
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TABLE 1t

Rates of urine flow (V), inulin clearance (Cr) and para-aminohippurate clearance (Cean)
during and after injection of magnesinm salls

Periods during or after Mg injection

Petiods with

Group Cases Control » 1 2 3 4 lucreaset Decrease t
ml.fmin, ml.jmin. mi./min, mi.fmin, ml.fmin, % A

Normal

v S* +4.84 1.06 3.97 3.94 4.41 25.0 75.0

Cy 5* 127 108 107 110 118 5.0 40.0

Cran 1* 689 770 602 796 66.7 33.3
Precclamipsia ‘

V 4 3.85 3.85 3.14 . 3.77 3.82 37.3 56.3

Cy 4 98 103 124 115 110 31.2 37.5

Cran 4 422 418 351 417 50.0 8.3
Hypertension |

/ 5 5.32 S.05 5.73 6.33 3.62 25.0 20.0

Cy S 89 86 92 90 86 15.0 23.0

Cran 5 357 373 552 485 517 10.0 15.0
Renal Disease

v 2 1.21 ) 1.34 1.31 1.43 2.33 62.5 25.0

Cy 2 40 56 51 53 50.0 50.0

Cran 2 260 348 281 280 . 33.3 33.3
Totals

v 16 4.29 3.97 3.98 4.33 '4.39 . 328 46.9

C; 16 98 94 100 98 19.4 35.4

Cpan 12 390 417

444 454 29.3 17.1

* One normal pregnancy.
t Changes greater than 10 per cent.

sia, who were given 4 to 6 Gm. of magnesium sul-
fate intravenously.

Effect of magnesium upon the uncorrected mag-
nesiwim clearance

The relationship between the total serum mag-
nesium and the uncorrected renal clearance of
magnesium is shown in Figure 1. The eight pa-
tients represented here were selected as “normals”
in that they gave no evidence of disturbance in hy-
dration or cardiovascular or renal function. There
was a roughly linear increase in the magnesium
clearance with rising serum concentrations of mag-
nesium, both when magnesium sulfate and when
magnesium acetate were given.

Figure 2 shows the same relationship in patients
selected for a wide range in the inulin clearance.
One woman in the terminal stage of glomerulo-
nephritis and azotemia, with a urea clearance of 3
ml. per minute (inulin clearance not measured),
had only a slight increase in the magnesium clear-
ance (from 1.2 to 2.8 ml. per minute) when the

serum concentration was increased from 2.1 to
4.4 mEq. per liter. At each level of giomerular
filtration, the magnesium clearance increased as a
linear function of the serum magnesium concen-
tration (roughly, as in Figure 1).

Ratio of “corrccted” magnesivim clearance to tunlin
clearance

The data shown in Figure 3 are from 16 patients

- in whom inulin and magnesium clearances were

measured simultaneously. These patients were
selected to cover a wide range of inulin clearances,
which, in the control periods, varied from 25 to
196 ml. per minute. The “corrected” magnesium
clearances, therefore, varied widely.  However,
calculation of the ratio of the eorrected magnesiwm
clearance to the inulin clearance brought these
data to a cominon base and F igure 3 indicates that
the effects of the two magnesium salts were about
the same, that is, the serum magﬁesium concen-
*tration rather than the attendant anion seems_to
determine the renal excretion of magnesium. It
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Fic. 1. THe RetaTionsuip BETWEEN THE MAGNESIUM
CLEARANCE, UNCORRECTED FOR PROTEIN BINDING OF SE-
RUM MaGxesioa, AND THE SErUM CONCENTRATION OF
ToTAaL MAGNESIUM

Eight "normal” subjects. A denotes subjects given
magnesium acetate [Procedure (a)]; the others were
given magnesinm sulfate [Procedure (c)].

also shows that the moderately impaired kidney
handled magnesium as did the nermal one—that
is. the tubulir reabsorption or rejection of mag-
nesium per 100 ml. of glomerular filtrate was simi-
Jar from patient to patient. The triangles in Fig-
ure 3 denote observations in patients with glo-
merulonephritis and inulin clearances of less than
60 ml. per minute.

At the serum concentrations of magnesium
studied, the clearance ratio of “filtrable” mag-
nesium to inulin rose steeply as the serum con-
centration of magnesium increased. The clear-
ance ratio approached but did not reach 1. This
suggested the possibility that tubular reabsorption
of magnesium might have been nearly maximal
under “basal” conditions and that increments in
the filtered load were excreted almost completely.
Figure 4 indicates that this may have been so
in 13 of the 16 paticents studied. The filtered load
was calculated by multiplying the inulin clear-
ance by the concentration of magnesium in ultra-
filtrate, as derived from the appropriate nomogram
of Willis and Sunderman (10). In Figure 4,

AND IRA TEPPERS

the increases in magnesium exceretion over control
values do scam to hear a 1 to 1 ratio to the incre-
ments in the caleulated filtered loads, for most
of the points fall close to the line describing such a
relationship.  Three abnormal patients (one with
essential hypertension and two with preeclampsia)
deviated widely from the general pattern, in that
all observations fell far below the line.  These pa-
tients are indicated in the graph by the broken
lines connecting their points.

Tubidar reabsorption of nagnesiuin

1f the nomogram of Willis and Sunderman (10)
can be used legitimately for the derivation of mag-
nesium concentrations in ultrafiltrates of plasma,
Figure 4 describes the tubular reabsorption of
magnesium. Points falling above the line would
represent decreases in tubular reabsorption under
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Fic. 2. Tue RevLatioNsHip BeTwreN THE UNcCok-
RECTED RENAL CLEARANCE OF MAGNESIUM AND THE SE-
RUM CONCENTRATION OF MAGNESIUM AT VARIOUS LEVELS
oF GLOMERULAR FILTRATION

Reading down from the top, the lines are as follows:
O—inulin clearance, 196 ml. per minute. Nonpregnant
“normal” subject given intramuscular magnesium sulfate
[Procedure (c)]. V—inulin clearance, 150 ml.  per
minute. Pregnant hypertensive patient given magnesium
acetate infusion [Procedure (a)]. ©—inulin clearance,
88 ml. per minute. Nonpregnant “normal” subject given
magnesium acetate infusion [Procedure (a)]. X—inulin
clearance, 57 ml. per minute. Pregnant hypertensive
patient given magnesiwm acetate infusion [Procedure
(a)). [O—inulin clearance, 25 ml. per minute. Preg-
nant patient with glomerulonephritis given constant in-

- fusions of magnesiun sulfate {[Procedure (0)]. A—

pregnant patient in uremia. Inulin clearance not meas-
ured ; urea clearance, 3 ml. per minute.
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Fic. 3. Tue Rerationsuip BETweeN THE CLEARANCE
Ramo or “Firutranne” Macxesiuas 1o INvLIN AND THE
SErRUM CONCENTRATION OF “FILTRABLE” MAGNESIUM

The inulin clearances ranged from 25 to 196 ml. per
minute. @, magnesium sulfate; X, magnesium acetate;
A, patients with glomerulonephritis, :

higher filtered loads, while points below the line
woukl represent increased  tubular reabsorption.
Except for the three abnormal cases, most of the
points fall close enough to the line to suggest that
the tubular reabsorption of magnesium was nearly
constant over the range of filtered loads studied
and that reabsorption was nearly maximal under
“hasal” conditions.. When the control load was
imercased by less than 50 uliq. per minute, most
of the points fell below the line. This would sug-
gest that the tubular reabsorptive mechanism was
not quite saturated before magnesium was in-
jected.?

2 In 43 observations the increments in filtered load ex-
ceeded 50 uEq. per minute. The line fitted to these points
by the mcthod of least squares had its intercept at — 6,
S. = 12.44: this is not significantly different from a zero
intercept (t=0.483, p > 0.5). The slope of the line was
1.031, S, == 0.086: this is not significantly different from
a slope of 1 (t=0.36, p>0.5).. Similarly, a line was
fitted to the 23 points representing increments of less
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In the three aberrant cases the tubular reab-
sorption appears to have increased when the
filtered load increased. In one of these, a pre-
eclamptic, the control inulin clearance of 86 ml.
per minute nearly doubled and became variable
after magnesium sulfate was injected. In the
other two the inulin clearance varied but little
from the control values of 110 ml. per minute in
the patient with preeclampsia and 170 wl. per
minute in the one with essential hypertension.

Effect of magnesivm administration upon calcinim
excretion

The usual effect of magnesium injection was to
increase the urinary excretion of calcium,
Roughly, the calcium excretion increased as the
serum concentration of magnesium rose, as Fig-
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Fic. 4. Tne Rerationsiore Berwe
MacNestuM LEXCRETION AND INCREMED
TERED LLOAD 0oF MAGNESIUM

The points connected by the broken lines indicate ob-
scrvations in three abnormal and atypical patients. X,
normal; ©, hypertension; A, renal disease; O, pre-
eclampsia.

than 50 pxEq. per minute in the filtered load. Its inter-

cept was +7, S.= 5.4, not significantly different from
0 (t=13, p==0.2). The slope was 0414, S, =02
This is significantly different from 1 (t=2.93, p <0.01).
Therefore the points for increments of less than 30 uEq.
per minute do fall significantly below the line shown in
the graph. The three aberrant cases have been ex-
cluded from this analysis.
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ure 3 shows. Only seven observations were made
at serum magnesium concentrations greater than
3 mliq. per liter and the average drop shown for
calcium excretion at these high levels of serum
magnesitnn probably is not real, for it was not
seen in individual cases. The increases in calcium
excretion following magnesium acetate were com-
parable to those following magnesium sulfate
injections.

Calcium excretion was measured in 29 patients.
Only 2 failed to show increased urinary loss of
calcium after the injection of-a magnesium salt.
One of these had an inulin clearance of 25 ml. per
minute (glomerulonephritis) and the other, with
milel precclampsia, had an inulin clearance of 110
ml, per minute. The calcium excretion in any
I patient, other than these 2, was always maximal
when the serum magnesium was at its highest
level. In 12 cases, observations were made while
the serum magnesium concentration first rose and
later declined. In every such instance the calcium
excretion decreased from its peak as the serumn
magnesium fell.

Effect of magnesium administration upon sodium
and chloride cxcretions

Both magnesium acetate and magnesium sulfate
injections increased the sodium and chloride ex-
cretions (Figure 5). Twenty-nine patients were
studied in 100 clearance periods following mag-
nesium injections. Sodium and chloride excre-
tions were almost equimolar and the coefficient
of correlation (r) between them was 0.80. The
stimulation of sodium and chloride excretions
seeined to depend upon a rising serum concentra-
tion of magnesium, for whenever the serum mag-
nesium became nearly constant or fell the excre-
tions dropped back toward, to, or below the control
levels. Only one patient failed to show an aug-
mentation in sodium and chloride excretion while
the serum imagnesium was rising; she had es-
sential hypertension and in the control periods had
high excretions (chloride, 760 pEq. and sodium,
722 uEq. per minute). Following the intramus-
cular injection of magnesium sulfate, the excre-
tions fell to about one-third of the control values.

Figure 6 shows what happened to sodium and
chloride excretions when the serum magnesium
rose, then remained nearly constant, and then fell.

LEON C. CIIESLEY AND IRA TEPPER
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Fic. 5, TaE StivMuratioy oF Carcrvaf, SopiuM AND
CHLORIDE EXCRETIONS AND THEIR DEPENDENCE UPON
SERUM CONCENTRATION 0F MAGNESIUM

All patients, normal and abnormal, have been pooled.

The lines connect points representing consecutive
observations, Sodium and chloride excretions
rose sharply while the serum magnesium was in-
creasing, dropped precipitously while the serum
magnesium was. essentially constant, and fell back
toward, to, or below control levels when the serum
magnesium began to decline. This was observed
in all six cases in which Procedure (d) was used.
Six of the patients studied with Procedure (¢) had
serum magnesium concentrations that became con-
stant or fell during the periods in which sodium
and chloride excretions were measured ; all showed
the same effect. Unfortunately, inulin clearances
were not measured in any of these periods and
nothing can be said about a possible relationship
between changing filtration rates and changes in
sodium excretion,

Effect of magnesivim administration upon potas-
Sium cxcretion

Four of the six patients infused with magnesium
acetate had sustained decreases in potassium ex-
cretion during the infusion. The two exceptions
both had depressed inulin clearances. One, with
glomerulonephritis, had a control inulin clearance
of 52 ml. per minute and a sustained increase in
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potassium excretion. The other, with long-stand-
ing and rather severe essential hypertension, had
a control inulin clearance of 57 ml. per minute and
a sustained increase (of less than 10 per cent) in
potassitn éxcretion.

Following the injection, or during the infusion,

of magnesium sulfate only 8§ of 22 subjects had
sustained decreases in potassium excretion. Six
had sustained increases and these six patients
were represented in the nonpregnant, normal preg-
nant, preeclamptic and pregnant nephritic groups.

Excluding the two patients with glomerulo-
nephritis, in whom potassium excretions were
measured, and averaging all other observations,
magnesium  sulfate depressed potassium  excre-
tion by a mean of 11 per cent, but the excre-
tion was actually increased in 39 per cent of the
periods.  The mean decrease in potassium excre-
tion during magnesium acetate infusions was 25
per cent and increases were seen in only 2 of 29
periods,

No correlation could be discerned between

changes in potassium excretion and the serum
concentrations or direction of change in serum
concentrations of magnesium.
. A relation was sought between changes in so-
dium excretion and changes in potassium excretion,
on the hypothesis that magnesium might interfere
with the renal tubular exchange of potassium for
sodium.  Haowever, no relation was found. When
sodium excretion increased, potassium excretion
nnght decrease, increase, or remain at the same
level.

DISCUSSION

The method used for the measurement of serum
and urine magnesium concentrations was chosen
because it gave us better recoveries.of added mag-
nesium than did the titan yellow method. "Eng-
baek (16), citing earlier work of his own, wrote

- that the preliminary scparation of calcium by oxa-

late precipitation does hot interfere with the
measurement of magnesium in normal serum.
However, “. . . when the serum contains about
10 times the (Mg) value of the normal serum, the
separation of calcium results in a loss of 4 to 8
per cent of the total magnesium.” This results
from the occlusion of magnesium oxalate in the
calcium oxalate precipitate. This source of er-

ror was partially offset by the preliminary dilution

1369

L350
z
= 300
~
<]
Yleso
z
©1 200
[ .
&
o k150
K
LJ
o L.100
S
< |- 50
A

] 1 I I 1
] 2 3 4 5

- SERUM MG, MEQ/L.

F16. 6. Sopitm axp Curowrive Excrerions RELATED
TO THE TREND OF SeruM MAGNESIUM CONCENTRATION

The graph shows data for one representative case.
The lines connect consecutive observations. Broken line
denotes chloride excretion, solid line denotes sodium
excretion,

of sera and urines expected to have high con-
centrations of "nagnesium,

Although several investigators (1-8) have
shown that the renal clearance (or excretion) of
magnesium increases after the injection of mag-
nesium salts, no data have been published to show
how the renal clearance of magnesium depends
upon the serum magnesium concentration.
(Barker, Clark and Elkinton (8) have published
only an abstract of their systematic work on this.)
The published clearance findings are summarized
in Table I1I.

Figures 1, 2 and 3 indicate that the magnesium
clearance increases as a roughly linear function of
the serum magnesium concentration and that the
attendant anion has but little effect. Magnesium
acetate was chosen for comparison to the sulfate
because the rapid utilization of acetate by the body
would remove a large proportion of the anion,
which presumably was replaced by bicarbonate.
Thus the high clearance rate of such an anion as
sulfate would not obligate the excretion of cations
such as magnesium and a nearly “pure” effect of
magnesium could be studied. Presumably the
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TABLE HI

Reported cffects of magnesium loading upon renal excrelion of magnesium

Control ebservations

After magnesium loading

----- - Magnesinm T
Author Subjects Serum Mg Cug* Cug/Cr* sulfate Serum Mg Coue Cxe/Cr
o miig./L. 1}!‘:/"1!’". X100 mliq.(l.. ml.fmin, X100
Schwartz, Smith ,Sdogs . 1-2 Intravenous 12-24  29-45¢
and Winkler (2)
Heller, Hammuarsten 6 men 149-1.73  3.98-6.75 2.9-5.3 1.02 mbkq./ 2.07-2.42  24-32  16-25
and Stutzman (3) ] min,, L.V,
Womersley (4) S men 1.5-1.9 2.3-5.6 ' 201m\5<lq., 2.3-2.8 16-22

— —g

* Cug uncorrected magnesium clearance; C;, inuliu clearance.
Mo,

f Mg/ U Creatinine.

acetate infusions resulted in the production of
alkaline urines, which may have affected mag-
nesium (and potassium) excretions.

The derivation of “filtrable” magnesium from
the nomogram of Willis and Sunderman (10) as-
sumes that the injected magnesium was promptly
bound to plasma proteins to the same degree that
slowly” accumulated  “endogenous” magnesium
would be in the steady state. Hopkins, Howard
and Eisenberg (17) added magnesium chloride to
serum and found that in the range of 2.2 to 26.4
mg. per 100 ml. the amount of magnesium bound
to proteins rose proportionately to the total se-
rum coucentration of magnesium.  They found
the same to be true for calcium, as did Terepka,
Toribara and Dewey (18). Thus, binding sites
are available and Copeland and Sunderman. (9)
found that magnesium proteinate acts as a dis-
sociated salt, following the mass action law with a
calculated pK of 1.77.

In the magnesium acetate infusion studies, the’

plasma pH may have increased somewhat. Pos-
sibly this could have affected the proportion of
magnesium that was filtrable. Against this pos-
sibility is the fact that Hopkins, Howard and
Eisenberg (17) found no effect of pH upon the
filtrable {raction of calcium, in the range of pH
7.26 to 7.47 ; at higher pH levels, the filtrable frac-
tion decreased. They also studied the effect of pH
on the filtrability of magnesium, in the range of
pH 7.28 to 7.46, and apparently found no effect
(although this was not clearly stated so strongly).

In calculating the “corrected” clearances. as
well as the filtered loads and tubular reabsorption
of magnesium, the validity of the derivation of

filtrable magnesium is crucial. If the injected
magnesium is not bound to proteins in the same
proportion as is the basal serum magnesium, then
the derived data underestimate the filtered load
and, therefore, the amount of magnesium reab-
sorbed hy the tubules. '

Hammarsten, Allgood and Smith (6) found
that patients with advanced renal disease and azo-
temia had abnormally high ratios of “corrected”
magnesium clearances to inulin clearances before
maguesium was given. The triangles in Figure
3 show that this was true in our three cases of
chronic glomerulonephritis with lesser degrees of
renal impairment (inulin clearances from 25 to
60 ml. per minute). These investigators also
noted that the clearance ratio did not increase so
much in the nephritic patients aiter magnesium
injection as it did in normal subjects. This is
not so clear-cut in Figure 3, perhaps because of
the relatively good residual function in our cases.
The inulin clearance was not measured in the
one patient with azotemia and a urea clearance of
3 ml. per minute, but the magnesium clearance in-
creased only slightly after the injection of mag-
nesium sulfate (triangles in Figure 2)—iec., the
clearance ratio probably did not increase by much.

The increase in calcium excretion after the in-
jection of magnesium salts confirms other in-
vestigations (1, 4) and in addition the present
data show a good correlation bétween the serum

» concentration of magnesium and the increase in_
" calcium loss; in individual subjects the corrfela-

tion was almost linéar. This was equally true
for both rising and falling serum concentrations
of magnesium, which is quite different from the
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ctfect of magnesium upon the excretion of sodium

and chloride. "The acetate and sulfate salts were
cqually effective. This means that the calcium ex-
cretion was not obligated by sulfate excretion, as
might be inferred from the quotation of Schwartz,
Smith and Winkler (2) in the introduction.
Perhaps the renal tubule cannot differentiate per-
fectly hetween calcium and inagnesium, which
may compete for reabsorption. No explanation
is offered for the failure of magnesium to stimulate
the excretion of calcium in 2 of the 29 patients
stucdied,

The dependence of the stimmlation of sodium
and chloride excretions upon a rising concentra-
tion of scrum magnesium explains the transitory
effect noted by Womersley (4) and DPritchard
(15), who gave single intravenous injections of
magnesium suliate, and the sustained effect re-
ported by Heller, Hammarsten and Stutzman (3),
who gave continuous infusions. Womersley did
not find any stimulation of sodium or chloride ex-
cretion after magnesium  lactate, although mag-
nesium acétate in the present study did have such
an effect. This discrepancy and the statement of
Schwartz, Smith and Winkler (2) that magnesium
sulfate injections almost completely repressed the
excretion of chloride remain unresolved.  Wa-
mersley (4) suggested that the enhanced excretion
of sodim following magnesium sulfate might he
obligated by the excretion of the suliate jon.
However, chloride and soditun excretions were
almost equimolar in the present study (and in his
own averages), and the augmentation in their
excretions was as great after magnesitm acetate as
that following magnesium sulfate, |

The stimulation of sodium excretion might be
attributed to osmotic diuresis, but against this
interpretation is the fact that the sodium excre-
tion fell abruptly when the serum magnesium con-
centration attained a platcau (as in Figure 6) and
the excretions of magnesium and calcium were es-
sentially constant. Also, Womersley (4) did not
find significant increases in the rate of excretion
of total osmols following the injection of 20 mlkq.
of magnesium as the sulfate salt. No explanation
can be offered for the peculiar observation that
the sodium and chloride ecxcretions were en-
hanced only so long as the serum magnesium con-
centration was rising.

Heller, Hammarsten and Stutzman (3), with

six subjects, and Womersley (4), with five, re-
ported significant decreases in potassium excretion
after magnesium sulfate injections.  Pritchard
(15) found no significant change in seven women
with precclampsia.  Only 12 of our 28 patients
had sustained decreases, while 6 had sustained in-
Creases in potassium excretion after injection of
magnesium salts,

Unfortunately, the pl of the urines was not
measured but if they were alkaline after the ace-
tate injections, as seems probable, one would ex-
pect potassium excretion to be enhanced rather
than decreased. Yet the potassium excretion was
decreased in 27 of the 29 periods during mag-

nesium acetate infusion (omitting the patient with

nephritis).  Berliner, Kennedy and Orloff (19)
have reviewed the evidence for competition be-
tween hydrogen and potassium ions for exchange
with sodium jons in the tubular lumen: When
the urine is alkaline, hydrogen ion secretion is
suppressed and potassiumn secretion is augmented.

. SUMMARY AND CONCLUSIONS

Some effects of parenteral magnesiun acetate
and sulfate upon renal excretion of electrolytes
were studied in 34 “normal” and abnormal wonen,
selected to give a wide range of inulin clearances.

The magnesium clearance increased as a roughly
linear function of the scrum magnesium concen-
tration ; the attendant anion—acctate or sulfate—
had little or no distinguishable effect upon the ex-
cretion of magnesium,

The ratio of magnesium clearance, corrected by
nomogram for protein binding of serum mag-
nesium, to inulin clearance approached 1 at the
highest levels of serum magnesium  studied.
Roughly, this ratiq was a linear function of the
serum “filtrable” magnesium.

It "appcars that the tubular reabsorption of
magnesium may be nearly maximal under “basal”
conditions. Increments in the filtered load of
magnesium, over “basal” levels, are excreted al-
most completely. This conclusion is tentative,
for there is some uncertainty as to the validity of
the calculations.
~ The injection of magnesium salts was followed
by augmented urinary excretion of calcium. The
increase in calcium excretion bore a direct rela-
tion to the serum magnesium concentration.
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Stimulation of sodium and chloride excretions
was observed as long as the serum magnesium
concentration was rising.  When the serum mag-
nesium became constant, or fell, the excretions
of sodium and chloride dropped back toward, to,
or below control levels,

The eficct of magnesium upon potassium ex-
cretion varied from subject to subject. '
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The Experimental Action of Waters Containing Magnesium Chloride on the
Intestine '"in vivo'.
by M. Chiray, L, Justin-Besancon and Ch, Debray

Bull, Acad, Nat, Med., 132: 76-78, 1948

The action of magnesium chloride waters on smooth fiber particularly
on intestinal smooth fiber has already been studied considerably. Did not
F}eig, as early as 1900, describe the decline of the intestinal tonus
under the effect of the water of Chatel-Guyon? Later, one of us, with

Professor Maurice Villaretl

showed that adding water containing magnesium
(Chatel-Guyon Gubler) to a bath of Tyrode solution, elicits a decline

in tonus and an exaggeration of the amplitude of the longitudinal
contractions, in the smooth fiber of isolated rabbit intestine, When the
contraction of the isolated loop is weak the magnesium containing water
causes a sharp elevation in its amplitude at the same time as an average
decline of tonus. On the other hand, in an intestine undergoing strong
contractions the action of Chatel-Guyon water is much less conclusive,

All these experiments have been conducted on the isolated intestine
and not on the intact organ. In the present account, we have tried to
specify the action of magnesium chloride on the intestine in vivo.

For this we turned our attention to the intenstine of the frog and
the guinea pig. A cannula was introduced by a lateral oﬁening without
sectioning the intestine. The perfusion liquid was fed in by this
————

1 yillaret (Maurice) and Justin-Besancon (L.), Experimental hydrology,

Paris 1933, Masson edit,
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cannula., A second openiﬁg was made laterally, 2 or 3 cm away to allow
the perfusion liquid to exit easily, By this means a short section of
intestine, 2 or 3 cm, was studied. Consequently the vascular and nerve
connections remained in their respective relative positions. ‘We used
Tyrode's solution for the frog perfusion. An electric drop counter,

set up under our direction, made it possible to record the drops which
crossed the section of intestine. In the frog the perfusion was carried
out at a constant pressure of 10 to 15 cm of water and in the guinea pig
at 25 to 30 cm., Naturally in these, the perfusion solution like the
solution 6f magnesium chloride was kept at 38° during the entire passage
through the tubing., The first few centimeters of the small intestine
was studied in the frog. In the guinea plg our research was done on

the end of the ileum and the ileocecal wvalve, Moreover, we note that
before the experimeﬁt the frogs medulla was destroyed and the guinea pig
was lightly anesthetized with ether,

Under these conditions, the flow of the drops.of physiological
perfusion liquid per minute is constant., Occasionally, especially in the
guinea pig, brief and rhythmic variations which correspond to the passage
of peristaltic waves are seen. The flow of drops stops for a few seconds
during the passage of the bands of contraction, then starts up again.

If care is taken to make measurements at a sufficiently long time, for
example to count the drops which pass during one or more minutes, and if
one puts these figures on a graph, these transitory contractions only
show up a little or not at all on the curve.

When the physiological perfusion solution is replaced by water
containing magnesium chloridez, a cpnsiderable slowing down in the flow

T ————

2 We used Chatel~Guyon water, transported from the Gubler spring.
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of the drops 1s recorded. 1t is as if in the frog where for example
the flow alters from 50-55 per minute to about 15,'it would be a

70 percent decrease. This slowing down of the flow is established in a
few minutes and remains as long as the perfusion of water containing
magnesium chloride lasts. It disappears almost instanfaneously as soon
as the Chatel-Guyon water is replaced by phésiological solutién and,
after a few drops, the flow returns to its former rate. |

In the guinea pig, the results are the same, except that the flow
is much less slowed down, the number of drops reduced, for example,
from 38 to 28 and the return to the former flow takes several minutes
to establish, '

Thus these curves show directly the contractions in vivo of the
smooth fiber of the intestine under the influence of magnesium chloride,

If one carefully examines the movements of the intestine thus perfuséd,
‘one further ascertains that this contraction is visible and that it
traverses the segment of the intestine studied in the form of a peristaltic
wave, It is therefore not a qugstion of intestinal contracture but of

the amplification of normal contractile waves,

This in vivo effect is related to what happens in man when magnesium
chloride has a classical laxative action, Furthérmore, we know that
Chatel-Guyon water takén in very strong doses causes diarrhea, This is
what happened formerly when sick people took considerable doses daily,
going from 1500‘cc to still larger amounts. This action of the water
conveys its excitomotor effect on the intestine to the liver and its

excitosecretory ability to the digestive tract. This old practice of
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using excessive doses 1s moreover not being continued, as one knows,
except for serious problems such as a congestive state of the liver,
kidney blockage in brightics, gastric heaviness, and also the omset

of the crisis in hepatic colié or of appendicitis with certain patients,
So, these strong doses of magnesium chloride water have been completely
abandoned,

The effects in man are entirely different, with present average
doses of. about a few hundred grams, the therapeutic dose of Chatel-Guyon,
the.waters regulate intestinal function. The decontracting role in
spasmodics which is on the contréry contracting in atonics has been well
known by the clinicians of Chatel~Guyon since Baraduc and Foucauld.

It would also be interesting in this respect to study experimentally
the effect of magnesium chloride containing water not only on a normal
intestine but on>an intestine contracted by means of varlous pharmaco-
dynamic agents,

Summary

The perfusion with water containing magnesium chloride of a small-
section of the small intestine of the frog and the guinea pig in vivo
causes a reduction in the flow of the perfusate by means of the
) contraction of the-smooth fibers of the intestine. fhis contractionA

is due to a strong exaggeration of the normal peristaltic waves.
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conslate dhaillonrs que celte conldraction ost visible el qu’clle parcourt le segment
intestinal cludic sous ta ferme <ondes péristatliques, 1l ne s'ayit done pas o
vontracture infestinale, mais de Uexagdration des ondes contracliles normaics.

Cot eflet in vico est i rapprocher de ce qui se passe chez Phomme ot e chily-
rure de mogndsiuny a une action avative classique. Daillenrs, on sait que 'eau
de Chiatel-Guyon, prise & de trop fovles doses, détermine b dinrrhie, Cesl o aui
s passait jadis quaned les madades absorbaient des doses journalicres consids.
rables, allont de 1600 oo e & des quantités plus grandes encore, Cetle aclion de
Peaw iraduil & L fois sou eftet exeito-mofeur <ur Pintestin ol son POUVGIr Cxcito-
secrdleite sur Ie fube digestif, Les pratiques ancicnnes alilisant des doses exens.
sives nhallwdent aillewrs pas, on e sait, sins de sfvicax inconvitnients fels
quittet coagestit dua foie, blocage des reins ches les brightiques, pesanteurg gas-
triques vt wfiee déclenchement de cvises de coliques hepuligques on dappendicits
ches cortains pationts, Aussi ces Tortes dos<es (Ueau chlovard: magndésienuer ont.
elles $8 compldlement abandoundes. )

Avee Tes doses woyennes actuelles (e quelques centaines de srnanes, doses
thévapentivues S0 Uit Guyon, tes oftels sue iomme cont toat dificrents, Leg
caux véoalarisent Jo fonctionpement intestinal, Ceo role dévanteactint clies ey
spasiodiques el an contrairve, conlractant clies les wdones est bicne connu des
lniclens de Chdtel-Guyon depuis Baradoe of Poucauld, Ause serampt-ib peat Mre
intéressant d8tudice X el coard Paction evpérimentale des caux chlorurtes
nurndsiennes, non plas suroun inlestin vormal, wais sure an inte-tia contri
ture, pat divers neents platmacody mniques, -

Ré&umd, «= Ches la grenoaille of e cobinye Lt petfusion Faue fragment d inteetin
arcle Fefeo woee Tean chillorurde tag nésionne ddtecmine ane dimminulion du finy
de peatusion par contraction des fibies Tisses de igdosfin, Cellie contraclion ot

i 5 ovee forte exagéradion des onde plistalliques potales,

A propes de la communication de M, Daniclopolu
sur Li o« possibilité d'intereepter les vaso-coustricteurs
des membres supéricurs sans touchor au ganglion ¢toilé b,

pac M. J. Declmas,

Pt e commmdcation U Aeadémie de Medecine ey date du 1 octobre 1917,
o proafessenr Daniclopotu, reprewant [ question toujones dachualilt ol toujour
controveesce de Uinderraption des vaso-constiictenrs du memhre supericur, fait
e eribigue pertinente de b stellectonsie, <arfoul < elle ost accompaunce de Ia
seclion des trois premices sangtion- thoraciques, I insi-te aves raisan suy Jos
troubles furdis el pantods Les wrines que cete ilenenlion peul entrainer dan,
le fonctivnnement du myocarde of des coronai e priapitioesi bicn cos opéra.
Hows intererplent ol fes nerls cardiaaveclerdenr ot Tes nedds vasoodilatatenrs
COLO e s

La aadtiode quiil propose a done powe Lt d'intercepler 1es vaso canstrictenys
du membre supécicar sans toucher ats reels cardinpues el coronaviens, Mais on
Peut <o denander soainsi privée des inconméndents wajeres des méthades puder.
dentes, sa techuique esl pour aulaut o plus indiguie s"agissant d'isterraopre
les seules voles vasoeconstrictives du memlive supericnr. Les erilignes et les IR
sestions ques nots exposans dans colte conrle nofive ne

appuiient saroamacnn
decutner? clinique ou experimentad, Llles sont basées nuiquernent sur los dog.
nidres wequisitions anatomigues dans Ia systéonidisation du sympatligue, e
nous paraissent cependint el & ce senl e midriter o '®poe proposées au contrdle
tes phvsiologistes «f des chirureions,

Tont dabord il n'est pas tenu compte dans la conununication de M. Daniecli.
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pola de Pespdee de noli me tangere que Tes anteurs rdceuts apposent 3 Ja section
des tibres podl panglionnaives en sTappuyvant sur la sensgibilisation extréme &
Padiénaline que ces sections font eouriv an terevitoite enervé, Ensuile, M, Danicle-
poltc continue & aceepbor que os filels vasoconstricteurs duy membre supéricur
sortent exclusivement des sorments anddullaives compris entee Y3 ot DT (dhéo
ties e Langherg ol de Bedforl: Cetle coneeplion systématique paradt diftieile.
et aceeptable angonrd’huai alors qu'elle Sapplique & Pinnervation dan territoire
varnatbpge, Paue cos ferritoives Tes Noosympalligques, quiils soient vicoomoteurs,
piloanaletrs, sudonpares, obdissent & Ia oi de ta mdtamérisation ¢ les travaux
de Vo Milialich et de Lavaelle en ont donnd 1o démonstration histologique
cotnme cons de Guervier L denotstealion macroscopique, Les racines du plexus
Losehind <chelonmant cntre G5 ol Bl flatt sage de rechiercher siodes fibres
ftpanedinnnaires vepomdant & ces frones nervenx nlemprantaient pas ces mémnes
trancs avapt daller fatee synapee avee le nearvone postoranglionnaire dans des

peaes pangelionnaires gqut leur seratent propres. Cest o ce gquont démonted los

dilieates disections effectifos dans nolve Iaborddoive, Pour en comprendre
Peaposds il fauloen pappeler quing wivean di con les gangltions covvieal supdricur
1 moyen ot snclont Loovalenr de nasses préviseérales of qu'il doit done exister
ane de oo el b partie sapfricore da thiorax une chaine Ldévo-vertohrale tvpe,
dont tes pnas<es gonclionnaie s ne servivaient de relad qutanx voies somatiques
por appasition an. viectrades,

Nepes avans froavé 3 b face poetivienre de Vartére vertébrale of dans les deax
premicrs cepaces inbeeostanx de petits amas canylionnaires bien individuaalisés
réamis par oo connectif of dont Venceible constitne une chaine svmpathiqn
venvicale profoedte, O doit admellee que Ta portion postéro-externe du slv!!;\irI:
appeationt el aussi oces centres somatinues el que seule sa grosse portion
antérainterne yepetsente un cendre visedral,

Connations une fojs acipaizes nons avons pu trouser les rameany communi-
quants hlanes s conrts gqai, dions Jo canal veekébeal eelisiont Tes frones du plexus
brachiod oax petile canglions préeités inelns dans leoneel veriébial classique
comae aossioeens g e jebident die B frone corvieal, do 1Yol du P dorsal dans
Jo smnment poddirienr daslellaiee of dans denx petites masses ganglionnaires
cervicadintepeo Lades s S done on et Ly coneeplion de Pémergence métamé-
viggne dec rameaus connopmiconts hlanes ffibees préocanelionnaivesY ebf Ta néees-
citt de ne o sectionoer que con Tibres. mads toules ces hibres, on concluera gue

Pinterruplion de ta totadité des vaso constricteurs pré manationnatees du membree
sepirietr 0t jomads encore GO ptalisce et gquelfe e poneradt Pétre gaan priy
A difficnllés fechmingues cansidérables sinon iredalisables sare 1o vivant, Ces difti-
culide n'-‘unvnl de Lo heidvetd de oees I CO B de B voisinace immddiat avee
le B, €1 o Teur cilnation profonde dans e canal fransversaire an milien dun
Facis mervean, vebnens el fibreax eslrdmement dense

Aind eaplignent Lo dehecs pares s mads indéniables, Tes résallals incomplets
en Aemperaives des interventions yéalisées jusqu’d ce jour et la ndcessité do
Sapprocher tons des jours davardage de I ricuear analomique aussi fudispensabls
done le domaine svipathiqoe que dans e domaine ¢drébra spinal.
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TESTS _ .
Angular rotation. Determine in a 100-mm. tube as directed under

- Optical Rotation, page 939.

Refractive index, page 945. Determine with an Abbé or other re-
fractometer of equal or greater accuracy.

Solubility in alcohol. Proceed as directed in the general method,
page 899. One ml. dissolves in 4 ml. of 90 percent alcohol.

Specific gravity. Determine by any reliable method (see page 5).

Packaging and storage. Store in full, tight, glass, tin-lined, or other
suitably lined containers in a cool place protected from light.

Labeling. Label mace oil to indicate whether it is the East Indian or
West Indian type.

Functional use in foods. Flavoring agent.

MAGNESIUM CARBONATE

DESCRIPTION

Magnesium carbonate is a basic hydrated magnesium carbonate or a .

normal hydrated magnesium carbonate. It occurs as light, white, fri-
able masses, or as a bulky, while powder. It is odorless, and is stable
inair. Itis practically insoluble in water, to which, however, it imparts
a slightly alkaline reaction. It is insoluble in alcohol, but is dissolved by
dilute acids with effervescence. When treated with diluted hydrochloric
acid T.8,, it dissolves with effervescence and the resulting solution
gives positive tests for Magnesium, page 927.

SPECIFICATIONS

Assay. The equivalent of not less than 40.0 percent and not more than
43.5 percent of MgO.

Limits of Impurities

Acid-insoluble substances. Not more than 500 parts per rnillion'_‘

(0.05 percent).
Arsenic (as As). Not more than 3 parts per million (0.0003 percent).
Calcium oxide. Not more than 0.6 percent.

Heavy metals (as Pb). Not more than 30 parts per million (0.003
percent).

Lead. Not more than 10 parts per rmlhon (0.001 percent)
Soluble salts., Not more than 1 percent.

TESTS

Assay. Dissolve about 1 gram, accurately weighed, in 30.0 ml. of 1 V.
sulfuric acid, add methyl orange T.S., and titrate the excess acid with
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1 N soda. iydroxide. From the volume of 1 N sulfuric acid con-
sumed, deduct the volume of 1 N sulfuric acid corresponding to the
content of calcium oxide in the weight of the sample taken for the
assay. The difference is the volume of 1 N sulfuric acid equivalent to

the magnesium oxide present. Each ml of 1 N sulfuric acid is equiva- .

lent to 20.16 mg. of MgO and to 28.04 mg. of CaO.

Acid-insoluble substances. Mix 5.0 grams with 75 ml. of water,
add hydrochloric acid in small portions, with agitation, until no rmore
of the sample dissolves, and boil for 5 minutes. If an insoluble residue
remains, filter, wash well with water until the last washing is frec from
chloride, ignite, cool, and weigh.

Arscenic. A solution of 1 gram in 10 ml. of diluted hydrochloric acid
T.8. meets the requirements of the Arsenic Test, page 865,

Calcium oxide. Dissolve about 1 gram, accurately weighed, in a
mixture of 3 ml. of sulfuric acid and 22 ml. of water. Add 50 ml. of alco-
hol, and allow the mixture to stand overnight. If crystals of magnesium
sulfate separate, warm the mixture to about 50° to dissolve them.
Tilter through a Gooch crucible containing an asbestos mat that pre-
viously has been washed with diluted sulfuric acid T.S., water, and
alcohol, and ignited and weighed. Wash the crystals on the mat several
times with a mixture of 2 volumes of alcohol and 1 volume of diluted
sulfuric acid T.S. Ignite the crucible and contents at a dull red heat,
cool, and weigh. The weight of calcium sulfate so obtained, multiplied

by 0.4119, gives the equivalent of calcium oxide in the sample taken for
the test.

Heavy metals. Dissolve 667 mg. in 10 ml. of diluted hydrochloric
acid T.S., and evaporate the solution to dryness on a steam bath.
Toward the end of the evaporation stir frequently to disintegrate the
residue so that finally a dry powder is obtained. Dissolve the residue
in 20 ml. of water, and evaporate to dryness in the same manner as
before. Redissolve the residue in 25 ml. of water, and filter if necessary.
This solution meets the requirements of the Heavy Metals Test, page 920,
using 20 mcg. of lead ion (Pb) in the control (Solution A). :

Lead. A solution of 1 gram in 10 ml. of diluted hydrochloric acid
T.S. meets the requirements of the Lead Limit Test, page 929, using 10
mcg. of lead ion (Pb) in the control.

Soluble salts. Mix 2.0 grams with 100 ml. of a mixture of equaij
volumes of n-propyl alcohol and water. Heat the mixture to the boiling
point with constant stirring, cool to room temperature, add water to
make 100 ml., and filter. Evaporate 50 ml. of the filtrate on a steam
bath to dryness, and dry at 105° for 1 hour. The weight of the residue

does not exceed 10 mg. ‘
Packaging and storage. Storé in well-closed containers.

Functional use in foods. Alkali; drying agent; color-retention agent;
anticaking agent; carrier.

PO U oAl Wwin

MAGNESIUM CHLORIDE

MgClL.6H,0 Mol. wt. 203.30
2 2
DESCRIPTION . .
i ' ; 18 liquescent. It is
loriess, odorless flakes or crystals. _It is very de : : :
vcx(':yos%lublc in water and freely soluble in alcohol. A 1in 10’ solution
gives positive tests for Magnesiumn, page 927, and for Chloride, page

926.

SPECIFICATIONS '

Assay. Not less than 99.0 percent and not more than the equivalent

of 105.0 percent of MgCl..6H,O.

Limits of Impurities N
Ammenium. Not more than 50 parts per million (0.005 per-

t). - )
CAerr;c)nic (as As). Not more than 3 parts per million (0.0003 pgt

- t - . . -
(I:;:a)vy metals (as Pb). Not more than 10 parts per million . (0.001

ercent). .
giﬂfatcz. Not more than 200 parts per million (0.02 percent).

TESTS . .
Assay. Dissolve about 450 mg., accurately_ weighed, rxrnSZS nzll.Oof
water, add 5 ml. of ammonia-ammonium c.hlorlde buff?}' d . anth .]‘
ml. of eriochrome black T.S., and titraf»e w.xth 0.05' M diso ugn e} n);l
enediamineteiraacetate until the solution is blue. in cqlor. :c ;o 1é
of 0.05 M disodium ethylencediaminetetraacetate is equivalent to 10. |

mg. of MgCl..6H,0.

Ammonium. Dissolve 1 gram in 90 ml. of water, and slowly add .

i uti f sodium hydroxide (1
1. of a freshly boiled and cooled solution o xide

111? fg) ° Allow to settle, then decant 20 ml. oit the supernatant dhzquxld
into a color comparison tube, dilute to 50 ml. with water, and aczl . n;o
of Nessler’s reagent. Any color does not exceed that produce ) y
meg. of ammonium (NH,) ion in 48 ml. of water and 2 ml. of the so-
dium hydroxide solution. .

Arscnic. A solution of 1 gram in 35 ml. of water meets the require-
ments of the Arsenic Test, page 365. Js 1 of water moots the

i in 25 ml. of water

Heavy metals. A solution of 2 grams in )
requirements of the Heavy Metals Test, page 920, using 20 mcg. of lead
ion (Pb) in the control (Solution A).

Sulfate, page 879. Any.turbidity produc'ec'l by a l-gram sarlx;pie
does not exceed that shown in a control containing 200 mcg. of sulfate
(80,).

Packaging and storage. Stare in tight containers. ‘
Functional use in foods. Color-retention agent; firming agent.
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MAGNESIUM HYDROXIDE
Mg(OH),

DESCRIPTION

A white, bulky powder. It dissolves in-dilute acids, but is practically
insoluble in water and in alcohol. A 1 in 20 solution in diluted hydro-
chloric acid T.S. gives positive tests for Magnesium, page 9217.

SPECIFICATIONS

Assay. Not less than 95.0 percent of Mg(OH). after drying.

Loss on ignition. Between 30.0 percent and 33.0 percent.
Limits of Impurities

Alkalies (Free) and soluble salts. Passes test.

Arsenic (as As). Not more than 3 parts per million {0.0003 percent).
Calcium oxide. Not more than 1 percent.

Heavy mectals (as Pb). Not more than 40 parts per million (0.004
percent).

Lead. Not more than 10 parts per million (0.001 percent).

Loss on drying. Not more than 2 percent.

TESTS

Assay. Transfer about 400 mg., previously dried at 105° for 2
hours and accurately weighed, into an Erlenmeyer flask. Add 25.0 ml.
of 1 IV sulfuric acid, and, after solution is complete, add mecthyl red
T'.S. and titrate the excess acid with 1 IV sodium hydroxide. From the
volume of 1 N sulfuric acid consumed, deduct the volume of 1 N sul-
furic acid corresponding to the content of calcium oxide in the sample
taken for the assay. The difference is the volume of 1 N sulfuric acid
cquivalent to the Mg(OH), in the sample of magnesium hydroxide
taken. Each ml. of 1 N sulfuric acid is equivalent to 29.16 mg. of
Mg(OH): and to 28.04 mg. of CaO.

Loss on ignition. Transfer about 500 mg., accurately weighed, to a
tared platinum crucible, and ignite, increasing the heat gradually, to
constant weight,

Alkalies (Free) and soluble salts. Boil 2 grams with 100 ml. of
water for 5 minutes in a covered beaker, then filter while hot. Titrate
50 ml. of the cooled filtrate with 0.1 NV sulfuric acid, using methyl red
T.8. as the indicator. Not more than 2 ml. of the acid is consumed.
Evaporate 25 ml. of the filtrate to dryness, and dry at 105° for 3 hours.
Not more than 10 mg. of residue remains.

Arsenic. A solution of 1 gram in 25 ml. of diluted hydrochloric acid
T.8. meets the requircments of the Arsenie Test, page 865.

Calcium Oxide. Dissolve about 500 mg., accurately weighed, in a
mixture of 3 ml. of sulfuric acid and 22 ml. of water. Add 50 ml. of
alcohol, and allow the mixture to stand overnight. Warm the mixture

Mol. wt. 58.32

to about 50°, if necessary, to dissolve any crystals of magr m sixlfa.te,
and filter through a Gooch crucible contaimng.an a.sbe:‘ at which
has been previously washed with diluted sulfuric acid T\ | water, and

alcohol, and ignited. Wash the crystals on the mat several times-wwhha
mixture of 3 volumes of alcohol and 1 volume of ‘watex;. Igm_te the
crucible and contents at a dull red heat, cool, and wexgh. The wehlght of
calcium sulfate thus obtained, multiplied by 0.4119, gives the equivalent
of calcium oxide (CaO). ' .

Heavy metals. Dissolve 1 gram in 10 ml. of diluted hydrochloric
acid T.S., and evaporate to dryness on a steam .b.ath. Tm‘vard the .end
of the evaporation, stir the residue frequently, disintegrate it to obtain la
dry powder, dissolve the powder in 20 ml. of water, and filter. A 10-ml.
nortion of the fltrate meets the requirements of the Heavy Memls Test,
i)age 920, using 20 mcg. of lead jon (Pb) in the contrel (Solution A-). .

Lead. A solution of 1 gram in 20 ml. of diluted hydrochlon? acid
T.S. mects the requirements of the Lead Limit Test, page 929, using 10
mcg. of lead ion (Pb) in the control.

Loss on drying, page 931. Dry at 105° for 2 hours.

Packaging and storage. Store in tight containers. :
Functional use in foods. Alkali; drying agent; color-retention agent.

MAGNESIUM OXIDE
MgO Mol. wt. 40.30

DESCRIPTION ‘ .

A very bulky, white powder known as light magnesium o‘xxde or a
relativel.v dense, white powder known as heavy magnesium m_nde. Five
grams of light magnesium oxide occupy a volun}e of approximately 4(;
to 50 ml., while 5 grams of heavy magnesiurfx oxide occupy a volurfle.o
approximately 10 to 20 ml. It is practically insoluble in water and is in-
soluble in alcohol. It is soluble in dilute acids. A s.o.lutlon of magnesium
oxide in diluted hydrochloric acid T.S. gives positive tests for Magne-
sium, page 927.

SPECIFICATIONS o
Assay. Not less than 96.0 percent of MgO after ignition. ‘
Limits of Impurities
Acid-insoluble substances. Not more than (i.l percent.
Alkalics (free) and soluble salts. Passes teg, .
Arscnic (as As). Not more than 3 parts per million (0.0003 percent).
Calcium oxide. Not more than 1.5 percent.

8yl
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He actals (as Pb). Not more than 40 parts per million (0.004
percent).

Lead. Not more than 10 parts per million (0.001 percent).

Loss on ignition. Not more than 10 percent.

TESTS

Assay. Ignite about 500 mg. to constant weight at 800° to 825° in a '

tared platinum crucible, weigh the residue accurately, dissolve it in
30.0 ml. of 1 N sulfuric acid, boil gently to remove any carbon dioxide,
cool, add methyl orange T.S., and titrate the excess acid with 1 IV
sodium hydroxide. From the volume of 1 N sulfuric acid consumed
deduct the volume of 1 IV sulfuric acid corresponding to the content of
calcium oxide in the magnesium oxide taken for the assay. The dif-
ference is the volume of 1 N sulfuric acid equivalent to the MgO in
the portion of magnesium oxide taken. Each ml. of 1 NV sulfuric acid is
equivalent to 20.15 mg. of MgQ and to 28.04 mg. of CaO.

Acid-insoluble substances. Mix 2 grams with 75 ml. of water,
add hydrochloric acid in small portions, with agitation, until no more
dissolves, and boil for 5 minutes. If an insoluble residue remains, filter,

wash well with water until the last washing is free from chloride, ignite,
cool, and weigh.

Alkalies (free) and soluble salts. Boil 2 grams with 100 ml. of
water for 5 minutes in a covered beaker, and filter while hot. Add
methyl red T.S., and titrate 50 ml. of the cooled filtrate with 01 N
sulfuric acid. Not more than 2 ml. of the acid is consumed. Evaporate
25 ml. of the filtrate to dryness, and dry at 105° for 1 hour. Not more
than 10 mg. of residue remains.

Arsenic. A solution of 1 gram in 20 ml. of diluted hydrochloric acid
T.S. meets the requirements of the Arsenic Test, page 865.

Calcium Oxide. Dissolve about 400 mg., accurately weighed, in a
mixture of 3 ml. of sulfuric acid and 22 ml. of water. Add 50 ml. of
alcohol, and allow the mixture to stand overnight. If crystals of mag-
nesium sulfate separate, warm the mixture to about 50° to dissolve
them. Filter through a Gooch crucible containing an asbestos mat that
previously has been washed with diluted sulfuric acid T.S., water, and
alcohol, and ignited and weighed. Wash the crystals on the mat several
times with a mixture of 2 volumes of alcohol and 1 volume of diluted
sulfuric acid T.S. Ignite the crucible and contents at a duli red heat,
cool, and weigh. The weight of calcium sulfate obtained, multiplied by

0.4119, gives the equivalent of calcium oxide in the sample taken for the
test.

Heavy metals. Dissolve 500 mg. in 20 ml. of diluted hydrochloric
acid T'S,, and evaporate the solution to dryness on a steam bath.
Toward the end of the evaporation stir frequently to disintegrate the
residue so that finally a dry powder is obtained. Dissolve the residue

S — e R B ~ry Al AR
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in 20 ml. of water and evaporate to dryness in the same I r as be'flegi;
Redissolve the residue in 20 ml. of water and filter if N ary. o
solution meets the requirements of the Heavy Mefgls Lest, page ,
using 20 mcg. of lead ion (Pb) in the control (Soluvzon A). . "
Lead. A solution of 1 gram in 20 ml. <?f 'dxluted hydrochlorxc_: acio
T.S. meets the requirements of the Lead Limit Test, page 929, using
mcg. of lead ion (Pb) in the control. . ;
Loss on ignition. Weigh accuratcly about 5000 mg. in c,aftart;t_)
covered nlatinum erucible.  Ignite ab between 800 and 825° for

CICLL [

minutes, cool and weigh.

Packaging and storage. Store in tight containers. o
Labeling. Label magnesium oxide to .indicate whether it is light
magnesium oxide or heavy magnesium oxide.

Functional use in foods. Alkali; neutralizer.

MAGNESIUM PHOSPHATE, DIBASIC .

Dimagnesium Phosphate

MgHPO;.3H.0 Mol. wt. 174.33
4- 2
DESCRIPTION . .

A white, odorless crystalline powder. It is shg?:tly soluble in water
and insoluble in alcchol, but is soluble in dilute acids.

IDENTIFICATION o .

A.. Dissolve about 200 mg. in 10 ml. of diluted nftrxc acid T.S. and
add. dropwise, ammonium molybdate T.S. A-gre-emsh yell.ow precipi-
tate, of ammonium phosphomolybdate forms which is soluble in ammonia

S. ) . )
T B. Dissolve 100 mg. in 0.5 ml. of diluted acetic acid T.S. and 20

ml. of water. Add 1 ml. of ferric chloride T.S., let stamli for 5 minx;tss,
and filter. The filtrate gives a positive test for Magnesium, page 927.

SPECIFICATIONS o

Assay. Not lessthan 96.0 percent of Mg.P.0s, calculated on the ignited

basis.

Loss on ignition. Between 29 and 36 percent.

Limits of Impurities -
Arsenic (as As). Not more than 3 parts per million (0.0003 per-
cent). N ,
Fluoride. Not more than 10 parts per millicn (0.001 pe.rc.ent)/
Hcavy metals (as Pb). Not more than 30 parts per million (0.0

ercent). _ . =
IIJ,ead. Not more than 5 parts per million (0.0005 percent). 5
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TESTS

Assay. Weigh accurately about 500 mg. of the residue obtained in
the test for Loss on ignition, dissolve it in a mixture of 50 ml. of water
and 1 ml. of hydrochloric acid, diliite to 100.0 ml with water, and mix.
Transfer 50.0 ml. of this solulion into a 250-ml. Erlenmeyer fiask, add
10 ml of ammonia-ammonium chloride buffer T.S. and 12 drops of
criochrome black T.S., and titrate with 0.1 M disodium ethylenedi-
aminctetraacetate until the wine-red color changes to pure blue.
Bach ml of 0.1 M disodium ethylencdiaminetetraacetate is equivalent
to 22.25 mg. of Mg, P,0..

Loss on ignition. Weigh accurately about 1 gram, and ignite,
preferably in a muffle furnace, at 800° == 25° to constant weight.

Arsenic. A solution of 1 gram in 5 ml. of diluted hydrochloric acid
T.S. meets the requirements of the Arsenic Test, page 865.

Fluoride. Transfer 5.0 grains of the sample into a 200-ml. distilling
flask connected with a condenser and carrying a thermometer and a
dropping funnel equipped with a stopcock. Dissolve the sample in
25 ml. of dilute sulfuric acid (1 in 4), add 6 glass beads, and connect
the apparatus for distillation, using a 600-ml. beaker to collect the
distillate. Add 40 ml. of the dilute sulfuric acid to the flask through
the dropping funnel, then fill the funnel with water, heat the solution
to boiling, and continue healing until the temperature reaches 165°.
Adjust the stopcock of the dropping funnel so that the temperature is
maintained at 165° = 5°, and continue the distillation until about
300 ml. has been collected. Rinse the condenser and condenser arm
with water, collecting the rinsings in the beaker. Add sodium hy-
droxide T.S. to the distillate to make it alkaline to litmus paper, and
then add 5 ml in excess. Add 5 ml. of 30 percent hydrogen peroxide
and 6 glass beads to the beaker, boil until a volume of about 30 ml is
reached, and cool. Transfer the condensed distillate, including the

glass beads, into a 125-ml. distilling flask connected with a condenser -

and carrying a thermometer and a capillary tube, both of which must
extend into the liquid. Add 30 ml. of perchloric acid, and continue as
directed under the Fluoride Limit Test, Method I, page 917, beginning
with “Connect a small dropping funnel or a steam generator to the cap-
illary tube.”

Heavy metals, page 920. Suspend 1.33 grams in 20 ml. of water,
and add hydrochloric acid, dropwise, until the sample just dissolves.
Adjust the pH to between 3 and 4, filter, and dilute the filtrate to 40 ml.
with water. For the control (Solution A), add 20 mcg. of lead ion (Pbh)
to 10 ml. of the filtrate, and dilute to 40 ml. For the sample (Solution
B), dilute the remaining 30 ml. of the filtrate to 40 ml. Add 10 ml. of
hydrogen sulfide T.S. to each solution, and allow to stand for 5 minutes.
Solution B is no darker than Solution A. )

Lead. Dissolve 1 gram in 20 ml. of diluted hydrochloric acid T.S.,
evaporate the solution to a volume of about 10 ml. on a steam bath,

‘dilute to about 20 ml. with water, and cool. This solut’  mceis the

requircments of the Lead Limit Test, page 929, using 5 1 ‘lead ion
(Pb) in the control.

Packaging and storage. Storc in well-closed containers.
Functional usc in foods. Nutrient; dietary supplement.

sm e R

MAGNESIUM PHOSPHATE, TRIBASIC
Trimagnesium Phosphate

Mg (PO4):. 2H.0 Mol. wt. (anhydrous} 262.86

DESCRIPTION

Tribasic magnesium phosphate may contain 4, 5, or 8 molecules. of
water of hydration. It occurs as a white, odorless, t{xsteless c.rystallme
powder. It is readily soluble in dilute mineral acids but is almost

insoluble in water.

IDENTIFICATION '

A. Dissolve about 200 mg. in 10 ml. of diluted ni.tric acid T.S. a.nfi
add, dropwise, ammonium molybdate T.S. A gre.emsh yell‘ow precipi-
tate of ammmonium phosphomolybdate forms which is soluble in ammonia

T.S. o
B. Dissolve 100 mg. in 0.7 ml. of diluted acetic acid T.S. and 20 ml.

of water. Add 1 ml. of ferric chloride T.S.,, let stand.for 5 minutes,
and filter. The filtrate gives a positive test for Magnesium, page 927.

SPECIFICATIONS .
Assay. Not less than 98.0 percent and not more than the equivalent

of 101.5 percent of Mgs(POy)s, calculated on the ignited basis.
Titration value. Passes test. . '5 and 23 e
ing., Mg (PO,),.4H0, between an percent;
g;zs(?(g‘l)21.150;;:(1;’1%“‘”65;( 20 421;1d 27 percent; Mgi(POy)..8H:O, be-
tween 30 and 37 percent.
Limits of Impurities
Arsenic (as As). Not more than 3 parts per million (0.0003 pex-

cent). o
Fluoride. Not more than 10 parts per million (0.001 percent).

Heavy metals (as Pb). Not more than 30 parts per million (0.003

percent). .
Lead. Not more than 5 parts per million (0.0C05 percent).

TESTS

Assay. Weigh accurately about 200 mg. of the sample, and dis- 0.%
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solve it in ture of 25 ml. of water and 10 ml. of diluted nitric acid
T.S. Filter, if necessary, wash any precipitate, then dissolve the
precipitate by the addition of 1 ml. of diluted nitric acid T.S. Adjust
the temperature to about 50°, add 75 ml. of ammonium molybdate
T.S., and maintain the temperature at about 50° for 30 minutes,
stirring occasionally. Allow to stand for 16 hours or overnight at room
temperature. Wash the precipitate once or twice with water by
decantation, using from 30 to 40 ml. each time, and pour these two
washings through a filter. Transfer the precipitate to the same filter,
and wash with potassium nitrate solution (1 in 100) until the last wash-
ing is not acid to litmus paper. Transfer the precipitate and filter to
the precipitation vessel, add 50.0 ml. of 1 N sodium hydroxide, agitate
until the precipitate is dissolved, add 3 drops of phenolphthalein T.S.,
and then titrate the excess alkali with 1 NV suifuric acid. Each ml. of
1 N sodium hydroxide is equivalent to 5.714 mg. of Mgi:(PO.)..

Titration value. Ignite about 3 grams at about 425° to constant
weight, and dissolve, by warming, 2.0 grams of the ignited salt in 50.0 ml.
of 1 N hydrochloric acid. Cool, add methyl orange T.S., and slowly ti-
trate the excess of 1 IV hydrochloric acid with 1 IV sodium hydroxide to a
yellow color, shaking the mixture vigorously during the titration.
Not less than 29.0 ml. and not more than 30.8 ml. of 1 N hydrochloric
acid is consumed. ‘

Loss on heating. Weigh accurately about 1 gram and heat at
about 425° to constant weight.

Arsenic. A solution of 1 gram in 10 ml. of diluted hydrochloric acid
T.S. meets the requirements of the Arsenic Test, page 865.

Fluoride. Determine as directed in the Fluoride Limit Test under
Magnesium Phosphate, Dibasic, page 475.

Heavy metals, page 920. Suspend 1.33 grams in 20 ml. of water, and
add hydrochloric acid, dropwise, until the sample just dissolves. Ad-
just the pH to between 3 and 4, filter, and dilute the filtrate to 40 ml.
with water. For the control (Solution A), add 20 mcg. of lead ion (Pb)
to 10 ml. of the filtrate, and dilute to 40 ml. For the sample (Solution
B), dilute the remaining 30 ml. of the filtrate to 40 ml. Add 10 ml. of
hydrogen sulfide T'S. to each solution, and allow to stand for 5 minutes.
Solution B is no darker than Solution A.

ILead. Dissolve 1 gram in 20 ml. of diluted hydrochloric acid T.S.,
evaporate the solution to a volume of about 10 ml. on a steam bath,
dilute to about 20 ml. with water, and cool. This solution mects the
requirements of the Lead Limit Test, page 929, using 5 mcg. of lead ion
(Pb) in the control.

Packaging and storage. Store in well-closed containers.
Functional use in foods. Nutrient; dictary supplément.
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MAGNESIUM SILICATE

DESCRIPTION .

A synthetic form of magnesium silicate in v?'hich the molar ratio of
magnesium oxide to siticon dioxide is approximately 2:85. I‘f occurs
as a very fine, white, odorless, tasteless powder, frec from grittiness.
Tt is insoluble in water and in alechol, but is readily decomposed by

3 3 alizrrer 3o 2z g Qr
mineral acids. The pH of a 1 in 20 slurry is between 6.2 and 9.5.

IDENTIFICATION .
A. Mix about 500 mg. with 10 ml. of diluted hydrochloric acx.d
T.S., filter, and neutralize the filtrate to litmus paper with ammonia
T.S. The neutralized flirate rcsponds to the tests for Magnesium,
page 927. )
’ ée Prepare a bead by fusing a few crystals of sodium ammonium
phosphate on a platinum loop in the flame of a Bunsen burner.. Place
the hot, transparent bead in contact with a sample, ;.md again fuse.
Silica floats about in the bead, producing, upon cooling, an opaque
bead with a web-like structure.

SPECIFICATIONS
Assay. Not less than 15.0 percent of MgO and not less than 67.0 per-
cent of Si0,, calculated on the anhydrous basis.

Limits of Impurities

Arsenic (as As). Not more than 3 parts per million (0.0003 per-
£).

;‘ellzxgride. Not more than 20 parts per million (0.002 percent).
Free alkali (as NaOH).- Not more than 1 percent. .
Heavy metals (as Pb). Not more than 40 parts per million (0.004
percent). )
Lead. Not more than 10 parts per million (0.001 percent).
Soluble salts. Not more than 2 percent. :
Water. Not more than 10 percent.

TESTS
' i i i .5 grams,
Assay for magnesium oxide. Weigh accurately about 1
and transfer it into a 250-ml. conical flask. Add 50.0 ml. of 1 IV
sulfuric acid, and digest on a stcam bath for 1 hour. Cool t9 room
temperature, add methyl orange T.S., and titrate the excess .acxd with
1 N sodium hydroxide. Each ml. of 1 IV sulfuric acid is equivalent to

- 20.15 mg. of MgO.

Assay for silicon dioxide. Transfer about 700 mg., accx.xrately
weighed, into a 150-ml. beaker. Add 20 ml. of 1 IV sulfuric acid, and
heat on a steam bath for 1 hour and 30 minutes. Decant thfa super-
natant liquid through an ashless filter paper, and wash the residue, by

8l
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decantati ree ti it ; 7 7
Soantati m;zei“tmtxes with hot water. Treat the residue with 25
proty rcqi(iuc : gest on a steam bath for 15 minutes. Finally, tran
or the u\wmt o the ﬁltex: and wash thoroughly with hot ’watci-
lo qryer e f ‘.cr paper and x'ts (.:onten Ls to a platinum crucible. Héatl
el M,Oistcex:xciite, th.en 1gn1.te strongly for 30 minutes, cool, and
foar | Moiste 1 the residue with water, and add 6 ml ’of h,d
and 3 drops of sulfuric acid. Evaporate to drs;ness, i);nlx::c)e;

for 5 minutes, co .
. ’ 01, and . .
weight of Si0,. weigh. The loss in weight represents the

Sa le i

Hex;x;,cMSec:h;tmn for the Determination of Arsenic

vy M as; and Lead. Transfer 10.0 grams of thé
ple mto a 250-ml. flask, and add 50 ml. of 0.5 N hydro

hlori .
chloric acid. Attach a reflux condenser to the flask, heat

o ; i
n a steam bath for 30 minutes, cool, and let the undissolved

material scttle. D ’
Whatman N ecant the supernatant liquid through

o. 3 filter paper, or i i

vol ) "D . equivalent, into a 100-
. :h’;lglll:t;:ct ﬂ{lsk: retaining as much as possible oz; tgg nx;l-
et altz)rml in the? beaker. Wash the slurry and beaker
e i ec‘ -ml. portfons of hot water, decanting each wash
pa{,;) x ‘O}g.llghe Iﬁlter Into the flask. Finally, wash the filt .

vith 150 ml. of hot water, cool th ’ o

. s e fil

perature, dilute to volume with water andtiiit)f o room tem-

Arsenie. A 10-ml] i
. -ml, portion of the S
ments of the Arsenic Test, page 865. ¢

Fluoride, Wei
uoride, gh accurately 2. .
the Fluoride Limit Test, page ‘;{72 5 grams, and proceed as directed in
Free alkali. Add 2 drops of
diluted Irops of phenolphthalein T.S. t
gram ofﬁrlrtnzztz?esli)::ga;?i 1tn th;ftest .for Soluble salts, repzeffnf?nlé of
than 2. © ate, a pink color is prod
an 2.5 ml. of 0.1 IV hydrochloric acid is required Ec)o di:ccl?gl"ggc;i more

Heav .
P \ii Lr}l;!e“t,:{zr A 5-ml. portxo.n of the Sample Solution diluted to
page 920, using 20 rrr:lcege tzftlhe c;e'qmrements of the Heavy Metals Test
, . of lead ion (Pb) in the : ’
Lead. A 10. - control (Solution A).
ments of the giargl.lfrz;:lg‘z; { the Sample Solution meets the require-
in the control. » bage 929, using 10 mcg. of lead ion (Pb)
Solub ; .
Cool :0 I:ozzrﬂtst. Boil 10 grams with 150 ml. of water for 15 minutes
volume. Allow c&:‘perf\ture, and add water to restore the originai
clear.  To 75 w1 efn;xxture to stand for 15 minutes, and filter until
rate 50 ml. of t}','o be 'clear filtrate add 25 ml. of water. Eva
silicate, in :; : 1s so%utxon, representing 2.5 grams of magne o
) ared platinum dish on a steam bath to dryness ganfl.lqm
s 1g-

nite gently to constant wei .
excced 50 mg. weight.  The weight of the residue does not

Water.

mple Solution meets the réquire-

Wei
eigh accurately about 1 gram in a tared platinum cru-

e ———— Y

e e e e A £
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“cible provided with a cover. Gradually apply heat to the cr e at

first, then strongly ignite to constant weight.

Packaging and storage. Store in well-closed containers.
Functional usc in foods. Anticaking agent.

MAGNESIUM STEARATE

DESCRIPTION

Magnesium stearate is a compound of magnesium with variable pro-
portions of stearic and palmitic acids. It occurs as a fine, white, bulky,
powder, having a faint, characteristic oder. 1t is unctuous, and is free
from grittiness. It is insoluble in water, in alcohol, and in cther. It

conforms to the regulations of the federal Jfood and Drug Administra-
f fatly acids and fatty acids

tion pertaining to specifications for salts o
derived from edible fats sources. ’

IDENTIFICATION '

A. Heat 1 gram with a mixture of 25 ml. of water and 5 ml. of
hydrochloric acid. Fatty acids are liberated, floating as an oily layer
on the surface of the liquid. The water layer gives positive tests for

Magnesium, page 927.
B. Mix 25 grams of the sample with 200 ml. of hot water, then add

60 ml. of diluted sulfuric acid T.S., and heat the mixture, with fre-
acids separate cleanly as a transparent
hoiling water until free from sulfate,
collect thern in a small beaker, and warm on a steam bath until the
water has separated and the fatty acids are clear. Allow the acids to
cool, pour off the water layer, then melt the acids, filter into a dry
beaker, and dry at 105° for 20 minutes. The solidification point of the
fatty acids so obtained is not below 54° (see page 931). .

SPECIFICATIONS

Assay. Not less than the equivalent of 6.8 percent and not more
than the equivalent of 8.0 percent of MgO.

Limits of Impuritics

Not more than 3 parts per million (0.0003 per-

quent stirring, until the fatty
layer. Wash the fatty acids with 1

Arsenic (as As).
cent).

Heavy metals (as Pb). Not more than 40 parts per million (0.004
percent). \
Lead. Not more than 10 parts per million (0.001 percent).

Loss on drying. Not more than 4 percent.

TESTS

Assay. Boil about 1 gram, accurately weighed, with 50.0 ml. of 0.1

8pi
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N su. ‘acid for 10 minutcs, or until the fatty acid layer is clear,
adding water if necessary to maintain the original volume. Cool, filter,
and wash the filter and flask thoroughly with water until the last
washing is not acid to litmus. Add methyl orange T.S., and titrate the

" excess sulfuric acid with 0.1 IV sodium hydroxide. Each ml. of 0.1 N
sulfuric acid is equivalent to 2.015 mg. of MgO.

Arscnic, Mix 1 gram of the sample with 10 ml. of hydrochloric
acid and 8 drops of bromine T.S., and heat on a steam bath until a
transparent layer of melted fatty acid forms. Add 50 ml. of water, boil
down to about 25 ml., and fiiter while hot. Cool, neutralize with a 1
in 2 solution of sodium hydroxide, and dilute to 35 ml. with water,
This solution meets the requirements of the Arsenic Test, page 865.

Heavy metals, page 920. Place 750 mg. of the sample in a porcelain
dish, place 250 mg. of the sample in a second dish for the control, and
to each add 5 ml. of a 1 in 4 solution of magnesium nitrate in alcohol.
Cover the dishes with 7.6 cm. short stem funnels so that the stems are
straight up. Heat for 30 minutes on a hot plate at the low setting,
then hecat for 30 minutes at the medjum setting, and cool. Remove
the funnels, add 20 mcg. of lead ion (Pb) to the control, and heat cach
dish over an Argand burner until most of the carbon is burned off,
Cool, add 10 ml. of nitric acid, and transfer the solutions into 250-ml.
beakers. Add 5 ml. of 70 percent perchloric acid, evaporate to dry-
ness, then add 2 ml. of hydrochloric acid to the residues, and wash
down the inside of the beakers with water. Evaporate carefully to
dryness again, swirling near the dry point to avoid spattering. Repeat
the hydrochloric acid treatment, then cool, and dissolve the residues in
about 10 ml. of water. To each solution add 1 drop of phenolphthalein
T.S. and suflicient sodium hydroxide T.S. until the solutions just turn
pink, and then add diluted hydrochloric acid T.S. until the solutions
become colorless. Add 1 ml. of diluted acetic acid T.S. and a small
amount of charcoal to each solution, and filter through Whatman No,
2, or equivalent, filter paper into 50-ml. Nessler tubes. Wash with
water, dilute to 40 ml., and add 10 ml. of hydrogen sulfide T.S. to each
tube. The color in the solution of the sample does not exceed that
produced in the control.

Lead, page 929. Ignite 500 mg. in a silica crucible ina muffle furnace
at 475° to 500° for 15 to 20 minutes. Cool, add 3 drops of nitric acid,
evaporate over a low flame to dryness, and re-ignite at 475° to 500°
for 30 minutes. Dissolve the residue in 1 ml. of a mixture of equal
parts by volume of nitric acid and water, and wash into a separator
with several successive portions of water. Add 3 ml. of Ammonium
Citrate Solution and 0.5 ml. of H ydroxylamine Hydrochloride Solution,
and make alkaline to phenol red T.S. with stronger ammonia T.S.
Add 10 ml. of Potassium Cyanide Solution. Immediately extract the
solution with successive 5-ml. portions of Dithizone Extraction Soli-
tion, draining off each extract into another separator, until the last

FUUL LRUMILALDS U TA kA

portion of dithizone solution retains its green cglor. e tkvlc COll.'l;
bined exiracts for 30 seconds with 20 ml. of dilute acid (1 in

100), and discard the chloroform laycr.. Add to the acid sc:ilutxo?
exactly 4 ml. of Ammonia-Cyanide Solution and 2 drops of Hy‘ lrgxy -
amine Hydrochloride Solution. Add 10 ml. of _Standard hll)zt z;zone
Solution, and shake the mixture for 30 scconsis. Filter the ¢ %ro orrg
laver through an acid-washed filter paper into a Nessler t-u‘ e, ax;o
C(;:npare the color with that of a standard prepared as foll)ows. t? )
ml. of dilute nitric acid (1 in 100), add 5 meg. of lead xon‘(I b),4ml. o
A mmonia-Cyanide Solution and 2 drops of Hydroxylamine I‘Iy(%rof.‘hlo-
;E('z;c'z'é;l;/,ti<)rzj and shake for 30 scconds with 10 ml. of Slan..dard Dzbtjhtz%ne
Solution. Filter through an acid-washed filter paper into a .esssr
tube. The coler of the sample solution does not exceed that in the
control. . .
Loss on drying, page 931. Dry at 105° to constant weight, using

2-hour increments of heating.

Packaging and storage. - Store in well-closed containers.
Functional use in foods. Anticaking agent; binder; emu'lsxﬁer.

MAGNESIUM SULFATE

Epsom Salt

MgS0,.7H.0 Mol. wt. 246.47
goUy. [
e aotorie lik ith i saline
Small, colorless crystals, usually nccdle-like, with a cooling, e,
bitter taste. It is freely soluble in water, slowly soluble in glycerm, and
sparingly soluble in alcohol. It cffloresces in warm, dry air. Its splu-
tions arc; neutral. A 1in 20 solution gives positive tests for Magnesium,
page 927, and for Sulfate, page 928.
SPECIFICATIONS o -~
Assay. Not less than 99.5 percent of MgSO, after ignition.
Loss on ignition. Between 40 and 52 percent.
Limits of Impurities -
Arscnic (as As). Not more than 3 paris per million (0.0003 per-

t). .
;;(r;az'v metals (as Pb). Not more than 10 parts per million (0.001

ercent). o
IS)elenium. Not more than 30 parts per million (0.003 percent).

TESTS . e
Assay. Weigh accurately about 500 mg. of the residue obta;nc tl. =
the test for Loss on ignition, dissolve it in a mixture of 50 ml. of wate s
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and 1 ml. of hydrochloric acid, dilute to 100.0 ml. with water, and mix.
Transfer 50.0 ml. of this solution into a 250-ml. Erlenmeyer flask, add
10 m!. of ammonia-ammonium chloride buffer T.S. and 12 drops of
eriochrome black T.S., and titrate with 0.1 M disodium ethylenedi-
aminetetraacetate until the wine-red color changes to pure blue. FEach
ml. of 0.1 M disodium ethylenediaminetetraacetate is equivalent to
12.04 mg. of MgSO..

Loss on ignition. Weigh accurately about 1 gram in a crucible,
heat at 105° for 2 hours, then ignite in a mufile furnace at 450° £ 25° to
constant weight.

Arsenic. A solution of 1 gram in 10 ml. of water meets the require-
ments of the Arsenic Test, page 865.

Heavy metals. A solution of 2 grams in 25 ml. of water meets the
requirements of the Heavy Metals Test, page 920, using 20 mcg. of lead ion
(Pb) in the control {Solution A).

Selenium. A solution of 2 grams in 40 m). of dilute hydrochloric
acid (L in 2) meets the requirements of the Selenium Limit Test, page 953.

Packaging and storage. Store in well-closed containers.
Functional use in foods. Nutrient; dietary supplement.

MALIC ACID
“pr-Malic Acid; Hydroxysuccinic Acid
HOCHCOOH
éHzCOOH
C.HO; Mol. wt. 134.09

DESCRIPTION

White or nearly white, crystalline powder or granules having a
strongly acid taste. One gram dissolves in 0.8 ml. of water and in 1.4
ml. of alcohol. Its solutions are optically inactive.

SPECIFICATIONS
Assay. Not less than 99.5 percent of C.HOs.
Melting range. Between 130° and 132°.
Limits of Impurities
Arsenic (as As). Not more than 3 parts per million (0.0003 per-
cent). i
Furr)xaric acid. Not more than 0.5 percent. )
Heavy metals (as Pb). Not more than 20 parts per million (0.002

percent). ‘
Lead. Not more than 10 parts per million (0.001 percent).

. i vitm o P 4 £ b g 8 b
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Maleic acid.
Residue on i
Water-insol:

TESTS

Assay.  Diss
recently boiled
with 1 NV sodiun
which persists !
droxide is equiv

Melting ran
page 931.

Arsenic. A
pounds meets t
Fumaric an
Buffer Selub
500 ml. of wate
chloric acid, av
Bu/ffer Soluti
phate, K-H1O
tassium phospl
Maoxima Suj
1 gram of gelat
35 ml. of anhy
Standard So
ple, 100 mg. of
of maleic acid
ml. volumetrit
few drops of
tion with sodi
at least 30 soc
Sample Suld
weighed, into
water.  Add
droxide T.5. ¢
with water, a1
Procedure.
"separate 100-
volume with 4
ml. of Buffer
Rinse a pol
volume of the
at 24.5° to 2
de-aerate by
minutes. In
of a suitable
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Clinical studies of the changes in the mag-
nesium (Mg) concentration of body fluids in
discase have been impeded by the technical
difficulties involved in the assay. In the
original (early) methods of Kramer and
Tisdall,'® of Briggs,” and of Denis,* the cal-
cium is removed from 2 ml. of serum as the
insoluble oxalate; the magnesium is then
precipitated as magnesium ammonium phos-
phate and the latter is estimated by a colori-
metric phosphate determination. Other less

 cumbersome methods for the determination

assay of magnesium involve the use of 8-
hydroxyquinoline, either as a precipitant for
preliminary isolation® or as a reagent for
inducing fluorescence in a fluorometric pro-
cedure assay.'* 1 Titan yellow, which under
alkaline conditions forms a red-colored lake
with magnesium, has gained considerable

popularity as a somewhat simplified pro- .

cedure.t: ¥ Titrimetric methods based upon
the use of ethvlenediaminetetraacetic acid
(EDTA) as titrant and Eriochrome black T
(EBT) (Geigy Pharmaceuticals, Yonkers,
N. Y.) as indicator have also been widely
wsed? The advent of atomic absorption
spectrophotometry has greatly simplified
the technical procedure at the expeuse of an
instrument costing several thousand dollars.

The method described herein is based upon
the use of the alkaline earth metal indicator
Friochrome black T which forms a red
chromophore with magnesium - 3 15 The
response of EBT to calcium is completely
suppressed by incorporating a small quan-
tity of the barinm salt of ethvlenebiz(oxy-

“thvlenenitrilo)tetruacetic acid (EGTA) in

the color reagent.® EBT wus first used in a
colorimetric procedure for the determination

~ of magnesium in water by Young and as-

sociates,® * and was first adapted to bio-
logic material by Smith* and Levine and
Cummings.!t Tn their procedures, the calcium
is removed (precipitated) from 2 ml. of
blood serum as the oxalate. Protein is then

Received September 1S, 1967,

precipitated from an aliquot of the calcium-
free serum. Aun aliquot of the protein-free
supernatant fluid is then added to the BT
color reagent at pH 11.5 and the ubsorbance
is measured at 330 mp.

In our method removal of calcium is un-
necessary; the technician simply adds 0.2
ml. of 1:1 protein-free extract of serum to
5 mal. of the EBT color reagent and compares
the ubsorbaunce’ at 330 mp with that of a
maguesium standard.

.\L-\TERL\LS AND METHOD3

{ Reagents

1. 0.75 N- Perclloric acid (_HC"IOJ. Addd
either63 ml. of A. C.S. (reagent grade), 70z
w/w, or 84 ml. of 60% w/w HCIO; to suffi-
cient delonized water to make 1 1. Adjust by
titration. -

2 1.0 M Sodium perchlorete (NaClO,).
Dissolve 70 Gm. of NuClO;-H.0* in suffi-
cient deionized water to make 500 ml.

3. Protein-precipilating reagent’ (HClO-
NaClO) (PPR). Mix equal volumes of
0.75 N perchloric acid and 1.0 M sodium
perchlorate. This reagent may also be pre-
pared by mixing equal volumes of 1.75 N
perchloric acid and 1.0 N sodium hydroxide,
The sedimentation ability of the precipi-
tated protein during centrifugation is im-
proved by incorporating 0.1 ml. of Brij 30
(nolyoxyethylere (&) lauwryl ether)t per
300 ml. of PR '

4. Ertochrome black T solution, 1.0 mg. per
ml. Dissolve 100 mg. of EBTE (1-{1-hy-
droxy-2-naphthytazo)-6-nitro-2-naphthol-4-
sulionie acid sodium salt) in 100 il of V-
methyl-2-pyrolidone.§ Store in refrigerator.

* Available from G. Frederick Swith Chemieal
Company, Columbus, Ohio (Item 92).

f Atlas Chemical Industrics, Ine, Wilmington,
Del. 10399,

1 (i, Frederick Smith Chemieal Company (Item
245). :

§ General Auniline & Film Corporation, Dyestuif
& Chemieal Diviston, New York, NU Y.,

£1€02/ -

150



0 CONNERTY AND BRIGGS

S Durtien FEGTA solution. Dissolve 3.8
Gm. (10 mM) of ethyvlenebiz{oxyethylene-
pitrijodtetrnaeetio acid (EGTA* in 6O ml. of
water aud 6 ml of 3N NaOH. Then add
26 Gme. of bariunu chiloride (10.64 md)
previously dissolved in 25 mb of water.
Adjust the final volume to 100 ml. with
water. This reagent contains a 6.4% w/v
excess of bartum by design.,

6. 10 M Aminoethanol buffer, pH 11.65 +
0.7. Into a 100-ml. glass-stoppered graduated
cviinder, place 60 ml. of 2-aminocethanol
(No. 1597 Eastman Organic Chemicals or
Baker analyzed reagent No. 9314 (J. T.
Baker' Chemical Company, Phillipsburg,
N.J.)), 35 ml. of deionized water, and 5 ml.
of 30% v/v hydrochloric ncid. Add the acid
stowly, mixing after each addition.

7. EBT color reagent for magnesium, pH
11.0 = 0.1. Into a 100-ml. glass-stoppered
graduated cylinder, place 3 ml. of 10 M
-uminoethanol buffer. Add 3 ml. of EBT
sofution and 1 ml. of barium-EGTA solu-
‘tion. Dilute to the 100-ml. mark with de-
iofiized or double distilled water. The pH of
this reagent is approximately 11.0. This re-
agent kecps for only 4 hr.

8. Stock standard magnesium solution, 1 ng.
per ml. Dissolve 1.0-Gm. of magnesium metal
turnings, analytical reagent, in the minimal
quantity of 4 N hydrochloric acid (approxi-
- 'mately 20 ml) and dilute to 1 1. with de-
ionized water.

Q. Working standard magnesium solutions.

A working standard equivalent to 2 mg. per
100 ml. under test conditions is prepared by
adding 1 ml. of stock standard magnesium
‘solution (I mg. per ml.) to a 100-ml. volu-
metric flask. HCI0,-NaClo, protein-pre-
eipitating reagent, 50 ml,, is then added and
the vessel is filled to the 100-ml. mark with
- deionized water. Working standards equiva-
lent to 1 mg. per 100 ml. and 4 mg. per 100
‘ml. under test conditions are similarly pre-
‘pared by using 0.5 ml. of stock standard and
2 ml. of stack standard, respectively.
. 80, Reggent blank solution. Mix equal
" volumes of HCIO,-NaClO, PPR and de-
ionized water.

* Also designated ethylene glycol bis(8-amino-

_ethyl ether)-N N, N’, N'-tetraacetic acid. Avail-
able from Ea'otman'Organic Chemicals Company,
Ruchester, X, Y. (Cat. No. 8276).

Val. 50

Procedure

Add 1 mL of serum to 1 ml. of perchlorie
acid-sodium perehlorate protcin-precipitat-
ing reagent. Mix and let stand for 30 min,
Centrifuge. Add 0.2 ml. of the clear super-
natant to 5 ml. of EBT color reagent No. 7
and measure the absorbance at 530 my
rersus the blank. The standird and reagent
blank are prepared by adding 0.2 ml. of the
appropriate solution to 5 ml. of the ERT
color reagent. A set of standards must be
run with each new group of test samples.

Calculations

X 2 = mg. of magnesium per 100 ml.

Cn[g

oi" blpod scrum

g X 164 = mEq. of magnesium per 1.

of serum

where U is the absorbance of the test sample
and S is the absorbance of the 2 mg. per
100 ml. (equivalent concentration) standard.
A high quality spectrophotometer such as the
Beckman MModel B, DB, DU (Beckman In-
struments, Ine., Fullerton, Culif.) or the Gil-
ford Model 300 (Gilford Instrument Labora-
tories, Oberlin, Ohio) should be used to
measure the absorbance.

DISCUSSION

EBT, 1-(1-Hydroxy-2-naphthylazo)-6-
nitro-2-naphthol-4-sulfonic acid sodium salt,
forms metallochromic complexes with sev-
eral different cations, including magnesium,
calcium, zine, copper, and iron. The ab-
sorptivity of the EBT metal complexes of
calcium, magnesium, barium, copper, iron,
strontium, and zine at 530 mg using our
EBT color reagent is depicted in Table 1.
The response of the reagent to calcium
1s completely suppressed by incorporating a
small amount of the barium salt of EGTA
in the reagent.5

The displacement reaction, Mg+ +
Ca*+ 4 Ba-EGTA — Mg+ 4 Ca-EGTA +

Ba**, complexes the calcium and releases an -

equivalent quantity of barium with- which
the EBT does not react under test conditions.
The reaction proceeds because the stability
of the EGTA complex of barium is inter-

150
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TABLE 1

AUSORPTIVITY OF EBT-MeTar CoMPLENES AT
530 mp DEvVELOPED 1IN EBT CoLor

RescexT No. 7

. : - Molar
Metat | Corgentex | AR Euem T L AN
pi./mi.

Mg 2 1.337 6,685 16,000
Cat 2 0.575 2,875 11,500
Bat 2 0.000 :

Cu 2 0.078 390 2,457
Fe ' 2 0.029 14.5 81.2
In 2 0.471 2,355 15,307
Sr 2 0.000

* Standard symbol for absorptivity (extinction
coefficient) which is the absorbance of a 19 (w/v)
solution for a 1-cm. light path. :

t Molar absorptivity is the absorbance of 2
1 M solution for a 1:em. light path.

1 Barium EGTA was omitted from the EBT
color reagent.

TR
17 NN
L/ JEEA NN

7 |

120 570 550 530 510 4390 470 450 430
WAVE LEMGTH MILLIM V\CRONS

Fro. 1. Spectral transmittance curves at pt 11.0
for Eriochrome black T reagent No. 7 containing
A, 5.0 X 107* M magnesium, B,5.0 X 1075 M mag-
nosium and 2.5 X 1073 M caleium (equivalent to
2 mg. per 100 ml. of serum Mg and 10 mg. per
100 ml. of serum Ca uuder test conditions; the
curves coincide), and E, 3.0X 10-3 M caleium
measured against the blauk reagent solution, con-
taining neither calcium not magoesium. Curves C
and D were made with modified 1T resgent con-

taining no barium-EGTA, but contamning C,.

25 % 10~ M caleium, and D, 5.0 X 107% M muag-
nesium.

mediate to that of magnesium and of cal-
cium, the stability of the culcium complex
being the greatest. Consequently calcium,
but not magnesium, will displace barium
from its EGTA complex. If deemed neces-
sary, zinc and copper and iron can be com-
plexed and rendered completely umreactive

DETERMINATION OF SERUM MAGNESIUM 501

by incorporating a trace of cyanide ion in
the reagent. '
Figure 1 shows spectral transmittance
curves at pH 11.0 for EBT reagent No. 7
and for modified EBT reagent containing
no barium-EGTA. It can be seen that, in the
absence of barium-EGT3, the response of
the reagent to a calcium content of 2.5 X
103 M (equivalent to a serum calcium con-
centrationt of 10 mg. per 100 ml under test
conditions) (Curie C) exceeds that of o
reagent magnesium coucentration of 5 X
10-% Al (equivalent to o serum magnesium
concentration of 2 mg. per 100 ml. under
test conditions) (Curve D) while EBT color
reagent No. 7 containing barium-EGTA
does not respond at all to a calcium concen-
tration of & X 1073 M (equivalent to o serum
calciurm concentration of 20 mg. per 100 ml.
under test conditions) (Curte E). Also, the
response of the EBT reagent No. 7 toa
magnesium concentration of 5.0 X 1075 M
(Curve A) and to a combiucd magnesium
concentration of 5.0 X 107¢ M and a cal-
cium concentration of 2.5 X 1073 M (Cuirve
B) is identical since both curves coincide.
Figure 2 shows the relation between the
pH of the EBT reagent and the absorbance
of a fived concentration of magnesium
(14X 10~ M) contuained in the reagent,
measured at 530 mu. The greatest sensitivity

of the reagent for magnesium is achieved at .

pH 11.0. Figure 3 shows the relation of ab-

sorbance to total magnesium concentration -

at 530 mp for EBT color reagent No. 7

03—
yd \\
/ \
102 N
4 /4
1/ \

3 i3
oH H 12

Fic. 2. Plot of the relation between the pH of
the EBT color reagent and the absorbauce of a
fixed concentration of maguesium (1.4 X 107* AD

contained in the reament, mensured. at 530 mp
aguinst the reugent Liank.
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~lent to 30 mg. per 100 ml. of phosphorus

sdded to a serum does not cause any mag-

" nesium absorbance change when compared
with the same untreated serum.

Table 2 is a summary of the results of 26
serum magnesium anilyses performed in
duplicate both by the EBT procedure de-
scribed herein and by atomic absorption
spectrophotometry. A Perkin-Elmer model
303 instrument (Perkin-Elmer Corporation,
Norwalk, Conn.) was used. The serum sam-
ples were prepuared for this analysis by being
diluted 1:50 with o 0.5%% w/v lanthanum
solution* before being aspirated inio the
flame. The stomic absorption analyses were
performed by Dr. Edwin M. Richardson,
biochemist at the Delaware Division of the

*127 Gm. of La Cl-6H.O + 16 ml. of concen-
trated HCI 4+ 60 ml. of butanol 4 0.2 ml. of
octanol -+ H.O gs. ad. 1000 ml.

CONNERTY AND BRIGGS

.-,02 I”Ol. -50
1.2 TABLE 2
Coxpanizons OF SgntMm MAGNESIUM ANALYSES
10 -
/ Magnesium
10 . Serum No. Diference
g // Atomic nbsorptign'i EBT procedure
§06— wig.f107 ml.
3 // 1. 1.9 1.85 +40.05
Zo: - V4 -2 2.18 2.15 +0.03
< / 3 2.54 255 | —0.08
0.2 4 2.12 2.00 0.12
/\ 5] 2.00 2.00 0.00
z 6 1.78 1.70 0.03
MAGNESIUM EQUIVALENT CONCENTRATION my/memd 7 2.06 2.10 ~0.04
Frc. 3. Absorbance versus equiva- 8 2.04 2.0‘? —-0.01
lent concentration of magnesium, mg. 9 2.00 2.15 —0.15
per 100 ml., for EBT color reagent No. 10 2.18 2.35 —0.17
7 measured under test conditions at 11 .2.08 2.03 0.03
530 mp against the reagent containing 12 234 2'50 :
no magnesium. Au equivalent serum < - oY —0.16
concentration of 2 mg. per 100 ml. rep- 1 13 1.81 1.85 —0.04
reseats an actuul concentration of 14 5.00 5.20 —-0.20
0.354G ug. of magnesium per ml. of 15 3.80 3.90 —0.10
© color reageat. 16 2.40 2.40 0.00
. . St 2.39 2.35 0.04
containing 0 to 120 pg. per 100 ml. of mag- 18 2.45 9.50 ~0.05
nesium, representing 0 to 6 mg. of mag- 19 2.91 2.90 0.01
pesium per 100 ml. of blood serum under test 20 2.41 2.35 0.05
~ conditions. The concentration curve is linear 21 3.03 3.0 0.03
. aud passes through the origin. The absorb- 22 2.36 2.45 —0.09
ance of both serum-reagent and of aqueous ?fﬁ : gg‘; g})g “‘g~}g
magnesium-reagent sotution developed under o5 203 005 :0'09
" test conditions shows no significant change % 2.4 2.40 0 04
fer 60 min. ‘The presence of the carbonate  Nfean | 2.467 % 0.69 | 2.50 £ 0.73 | —0.0323
ion does not interfere. Phosphate ion equiva-

* Perkin-Elmer Model 303 atomic absorption
spectrophotometer was used. The sample was
diluted with lanthanum chloride solution.

Wilmingtou Medical Center, inasmuch as
the authors do not possess such an instru-
ment.

The mean of the values obtained by atomic
absorption is 2.467 mg. per 100 ml. of serum
with a standard deviation of 0.69 mg. per
100 ml., whereas the meaun of the values ob-
tained by the authors’ EBT procedure is
2.50 mg. per 100 ml. with a standard devia-
tion of 0.73 mg. per 100 mi.

The results in Table 2 were also analyzed.

statistieally by means of the ¢ test® The
mean difference between methods was d =
0.0323 mg. per 100 m!l. and SD, the standard
deviation of the differences, was 0.033.
Counsequently,
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Serum Magnesium
mEq./7 L.
1
1 mat L
_ -
L%
x
5
S
o
—11] 1

1
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2 3

Fic. 4. Histogram depicting the range of values obtained by aunalyzing
the sera of 200 rundow hospital patients for magnesium by menns of the
authors’ EBT procedure. Each assay was performed in duplicate.

d- . 0323
= . [ = 20 = 3
t ) N 0058 4/26 = 1.835

Inasmuch as & (95% limits) = 2.06, it is
concluded that the data give no evidence of
a systematic difference between methods.
Analysis of a serum pool for magnesium by
means of the EBT procedure on 15 different

days gave a mean value of 2.24 mg. per 100 °

ml, with a standard deviation of 0.0977 mg.

per 100 ml. and a coeliicient of variation of

4.36 %. .

Figure 4 shows 2 histogram depicting the
results of duplicate aualyses of 200 sera for
magnesium selected at random from the
daily laboratory workload and analyzed by
means of the EBT procedure described
here. The range is from 0.9 to 3.0 mEq. per
1. (1.0S to 3.6 mg. per 100 ml). Stutistical
analysis of these values gives a mean serum
magnesium value of 1.9+ mEq. per 1. (2.33
mg. per 100 mb.) with a standard deviation
of 0.2126 mEq. per L. Because the magnesium
values represented by the histogram were

_derived from ill hospital patients, the mean
does not indicate the mean normal value
established by this method. However, since
S99 of the values (179 of 200) occur over
the interval from 1.5 mEq. per 1. to 2.3
mEq. per 1. (1.8 to 2.76. mg. per 100 ml.),
which corresponds to the range given for
normal values by several different authors,”
it may be inferred that these also represent
the aporoximate normal range for the EBT
method. .

SUMMARY

A manual spectrophotometric method for
the determination of serum magiesium using
Eriochrome black T (EBT) is described. A
protein-free filtrate of serum is conveniently
prepared by mixing and centrifuging 1 ml.

of serum with 1 ml. of specially prepaved

perchloric acid-sodium perchlorate preeipt-
tating reagent (0.375 M perchloric ackd,
0.5 M sodium perchlorate). Then 0.2 ml. of
the protein-iree filtrate is mixed with 3 mi. of
atkadine-buffered Eriochrome black T color
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peasent containing an optimal amount of
e burium sait of ethylenebis(oxyethylene-
nitrilodtetraacetic acid  which  completely
suppresses the respouse of the EBT to
calcium. The absorbance of the magnesium-
13T chromaphore is measured at 330 my
versits the reagent blank. Excellent correla-
tion was obtained by comparing results of
thee EBT method of analysis with- those
ohinined by analyzing the same sera for
magnesium by means of atqmic absorption
spectrophotometry. '

Acknowledgment. Dr. Edwin M. Richardson,
hinchemist at the Delaware Division of the Wil-
mingion Medical Center, Wilmington, Del,,
checked by means of atomic absorption the serum
raagiesium values obtained with our EBT pro-
cedures.
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THE SPECTROPHOTOMETRIC DETERMINATION OF AAGNESIUM
’ IN HUMAN SERUM*

PATRICIA CRAIG, BS., BENNIE ZAK, B.S., LLOYD T. ISERI, M.D,, A. J.
BOYLE, M.D.. axp GORDON B. MYERS, M.D.

From the Depurbmenls of Chemistry and Medicine, Wayne University, Detroit, Mickigan

The estimation of small quantities of magnesium by the use of titan (thiazole)
yellow wus developed by Iolthoff.? Subsequent modifications of the original
procedure have been concerned prineipally with stabilization of the red lake
formed by magnesium and titan yellow in the presence of alkali. Various pro-
tective colloids, including gelatin,! gum ghatti,* polyvinyl aleohol,! and starch/
have been emploved in an attempt to produce uniform dispersion of the red lake,
and hydroxylamine has been used in an cffort to prevent fading of the color.’: ¢
Preliminary removal of protein has been accomplished either by trichloracetic
acid? or by tungstic acid.® ’

METHOD

The method of sample preparation appears fully as important as the selection
of the proper protective colloid. The procedure presented in this manuscript
requires only 1 ml. of plasma or serum and consists of the following steps:

1. Destruction of plasma sample in a 30-ml. Erlenmeyer flask by 5 ml. of fum-
ing nitric acid, followed by evaporution to dryness, and solution of the residue
by the addition of 2 drops of concentrated nitric acid and 3 ml. of distilled water.

9. Consecutive addition of 1.0 ml. of polyvinyl aleohol-sodium lauryl sulfate
reagent, 2.0 ml. of titan yellow solution, and 3.0 ml. of 2 N sodium hydroxide,
with mechanical stirring as the alkali is introduced. '

3. Colorimetric comparison at 350 mg in a Beckman Spectrophotometer against
standards containing known amounts of magnesium and the other inorganic
constituents of plasma, and subjected to the same preparation as the samples.

Reagents.'1. Polyvinyl aleohol-sodium lauryt sulfate reagent.

To 250 ml. of distilled water add 0.125 grams of sodium lauryl sulfate (Dreft).
Mix well and add 2.5 grams of polyvinyl alcohol (Dupont Elvanol Code 70-05,
08 to 100 per cent hydrolyzed, low viscosity). Heat to 60 C. to effect a clear solu-
tion.

. Titan ycllow solution 0.05 per cent.

. 2 N sodium hydroxide C. P.

. Lrea C. P. 36 grams per liter.

. Salt solution; C. P. chemicals. _

8.37 grams of NaCl, 0.34 grams KCI, 0.25 grams CaCO,, 0.55 grams diam-
monium hydrogen phosphate, 0.17 grams ammonium sulfate, 0.004 grams
CuSO,-5 H.O and 5 ml. of concentrated hydrochloric acid are made up to 1
liter. ’

QO e WO N

* Supported in part by grants-in-aid from the National Heart .\ssociatfon and the
Michigan Heart Association. :
Reeeived for publication, December 4, 1950.
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6. Magnesium standard solution.

Dissolve 20.3 milligrams of C. P. magnesium metal in 3 ml. of 1:1 hydrochloric
acid. Dilute to 1 liter. This solution contains 1.67 mEq. of magnesium per liter.

Instrumentation. Beckman Model DU Quartz Spectrophotometer; Corex Cells;
tungsten source; 530 my, blue photocell, slit 0.4 mm.

Preparation of sample. To 1.0 ml. of plasma or serum in a 50-ml. Erlenmeyer
flask add 5 ml. of fuming nitric acid. Evaporate to dryness on a medium hot plate.
Add 4 or 5 drops of concentrated nitric acid to the hot dried residue to insure com-

[ plete destruction of protein. Remove from the hot plate and wash down the sides -
f" S e NN R S S 0.6 1 T l T T
l ! 0.5 ‘ —
$3— ]
‘ |
[ > O.4}— ' —
z )
wn
- - z
wui
' <t
. o
 nd
- a.
. S 0.2~ .
.~ Absorption curve for Wave _leng!h =550 m#é
l MAGNESIUM-TITAN YELLOW Slit width = 0.4 mm.
- vs. . ot} Blue cell ]
TITAN YELLOW REFERENCE
, _ o n | | ! L
1 1 | { } 1 } o I 2 3 4 5 [
400 500 600 700 © . CONGENTRATION OF MAGNESIUM .
WAVE LENGTH (m#) mEq. per L
Fic. 1 Fic. 2

Fic. 1. Absorption curve for magpesiqm-titan vellow vs. titan yvellow reference
Fic. 2. Standardization curve showing linear relationship of optical density and con-
centration of magnesium.

of the flask with 3 ml. of distilled water. Return to the hot plate and evaporate .
until all fumes are dispelled. After cooling, add, in order, 2 drops of concentrated

nitric acid, 3.0 ml. of distilled water, 1.0 ml. of polyvinyl alcohol-sodium lauryl

sulfate reagent, 2.0 ml. of titan yellow solution, and 3.0 ml. of 2 N sodium hy-

droxide. As the alkali is introduced, stir mechanically to insure homogeneity of

mixing during the formation of the complex. Aiter 15 minutes” standing, make

a color comparison against a blank containing water, polyvinyl alcohol reagent,

titan yellow solution and 2 N sodium hydroxide in the same dmounts as used in

the sample preparation.

Preparation of standards. To 1.0 ml. of salt solution in each of four 50-ml.
Erlenmever flasks, add 0.5, 1.0, 2.0 and 3.0 ml., respectively, of magnesium
standard solution. To cach flask add 1.0 ml. of the urea solution and 5.0 ml. of
fuming nitric acid. Digest on a medium hot plate, taking the sumples to dryness.
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Remove from the hot plate and wash down the sides of the flask with 5 ml. of
distilled water. Return to the hot plate and evaporate until all fumes arc dispelled.
From this point onward, the procedure is identical with that described under
sample preparation.

Results. The absorption peak for the titan yellow-magnesium standard in refer-
ence to the titan yellow blank in alkaline media is illustrated in Tigure 1. Peak

TABLE 1
RECOVERIES OF MAGNESIUM BY SPECTROPHOTOMETRIC METHOD
mEgu | mE e | mELAC | isonmEa. | PELEET

Pooled plasma I 1.33 | L.00 2.29 —0.04 1.7
1.33 1.67 3.00 —-0.01 " 0.3
1.33 3.34 4.79 +0.11 2.3

1.33 0.84 2.17 0.00 0
1.33 1.67 3.08 +0.08 2.6
1:33 3.34 4.37 -0.30 .9
. 1.33 0.581 2.20 +0.03 2.3
1.33 1.67 2.62 —-0.3% 12.7

) 1.33 3.34 4.66 -0.01 - 0.2~

Pooled serum 11 1.72 0.84 2.46 -0.10 3.9
1.72 1.67 3.50 +0.11 3.2
1.72 3.34 5.00 —-0.06 1.2
Pooled serum, } strength 0.94 0.54 1.76 -0.02 1.1
: 0.94 1.00 1.91 . -0.03 1.6
0.94 1.00 2.02 +0.08 4.1
0.94 ‘1.67 2.48 —-0.13 5.0

* Average of 5 independent determinations, using the titan yellow procedure,

TABLE 2

CoMPARISON OF RESULTS oF EMISSION SPECTROGRAPHIC AND SPECTROPHOTOMETRIC (TITAN
Yerrow) MetHovs FOrR QUaNTIiTATIVE EstivaTioN oF MaGXNEsIUy

SERUM ENISSI_O:‘ ﬁ:ffc)’::f)cl:\?ﬂ TITAN :;‘IL:‘-‘O‘;'G{IZTHOD
A 1.87 1.84
B 1.79 1.95
. C 1.56 1.48
Pooled plasma III, (half strength) 0.92 0.94

absorption for the magnesium complex occurs at 550 mg in the presence of the
polyvinyl alcohol-sodium lauryl sulfate stabilizer. Therefore, 550 mu was the
optimal wave length for quantitarion of magnesium by this procedure. The use
of 5320 my,* 530 mg® and 540 mp® by other workers may be accounted for by differ-
ences in the stabilizer. The calibration curve (Figure 2) is included merely to show
the linear nature of the quantitation of magnesium by this method and the con-
formity to Beer's Law.

e
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Table 1 lists recoverics obtained on the addition of a known amount of mag-
pesium to 1.0-ml. sumplse of a pooled plasma and serum and one diluted pooled
serum. Repeated analysis of these three specimens yiclded 1.33, 1.72 and 0.94
mEq. magunesium per liter, respectively. It will be noted that with the exception
of one determination, the recoveries are quite acceptable.

Table 2 shows a comparison between analyvtical results for magnesium by the
emission spectrograph and by the titan yellow colorimetric procedure.

DISCUSSION

Preparation of standard. Standards prepared in accordance with the procedure
deséribed above yielded linear calibration curves that were consistently repro-
ducible. Hence, the same calibration curve may be used indefinitely, provided
that strict adherence to all details of the procedure for sample analysis is main-
tained. '

The measurement of magnesium in the presence of similar anions in both the
standard and sample tends to lend uniformity to the procedure. Calibration
curves differed when the procedure was altered, either by leaving out the salt
solution or by failing to carry the standard through nitrie acid digestion.

The addition of urea to the standard appeared to serve two purposes: m
promotion of uniform boiling through its decomposition in CO.: and ammonia,
and (2) improvement in the reproducibility of the calibration curves in the lower

. range of concentrations.

Preparation of sample. The destruction of protein by nitric acid oxidation em-
ployed in this procedure avoids possible losses of magnesium in the course of
protein precipitation and fltration utilized by previous workers. Furthermore,
this procedure circumvents errors which may come from the influence of excesses
of protein precipitating agents, such as tungstic acid, on the stability of the titan
yellow-magnesium complex.

Stabilization of the color complex. The addition of polyvinyl alcohol alone to the
digested and redissolved sample did not give a completely transparent solution.
The inclusion of sodium lauryl sulfute in the polyvinyl alcohol reagent not only
yielded a transparent solution of the sample, but also stabilized the titan vellow-
magnesium complex. The ved color of the titan vellow-magnesiurn complex reached
its maximal intensity within 15 minutes and remained stable for at least 12 hours.
The sodium lauryl sulfate-polyvinyl aleohol reagent appeared to be superior to
other protective colloids from the standpoint of color decay.

SUMMARY

A rapid and accurate modification of the titan yellow method for the deter-
mination of magnesium in 1-ml. volumes of plasma or serum is deseribed. The
innovations of this method include destruction of protein by nitric acid digestion,
the use of a sodium lauryl sulfate-polyvinyl alcohol reagent as stabilizer, the
selection of a 530-mu wave length for quantitation, and the preparation of cali-
bration curves from standards containing urca and the electrolytes normally
present in plasma.

156
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Vol. &0 MALIC DEHYDROGENASE FROM HIGHER PLANTS 99

Endiny that, on electrophoresis, 90 o, of the
sipernatant enzyme migrates to the anode, whercas
ke anodwe eomponent of tho mitochondrial cnzyme
epressnts only 149, of tho total (Wielund,
Pdeiderer, Hu.pt & Worner, 1939). Evidence for
wo components with malic-dehydrozenase setivity
w3 obtained daring chromatozraphy of prepara-
tivns from caulifiowers and peas (Fizs, 1 and 2), but
the separation did ot appear to ba connected with
dTerenees in specificity (Tuble 2),

It appears to the author that the existence of
pooteininteractions snd the likelihnod of protealyiic
ectivity wodifying the structure of enzymes with-

t destroying eatalytic activity make it quito
likely that electrophoresia or chromatography will
inlicate tho presence of twa peaks of activity in
wany enzymo preparstions. The chservation of
miltiplo panks mmay be unimportant ualess o
piysiclogicnl duference bretween tho molecular
ies of the enzyme i3 found. The existence of
diferent enzymea catalysing the samne reaction is
Pitentially of preat interest. The discovery of two
eaxzmples v bacteria, the esistence of two threo-
mee deaminases, ono of which is biosynthetic
wbeceas the other is adaptive end aleradative
\Umbarger & Beown, 1957), end the demonsiration

of two distinet systems for the synthesis of aceto-

hetate, endy one of which appaars to purticipate in
valine biosvnthesis (Halpern & Umbaruer, 1950),
fazgest that the pattern of two enzymes ratalysing
th: satne reartion may be found in other bxulna'wul
Bvitems,

SUMMNARY

L A nethod of purifying malie dehy drogenase
8m pea epicotyis is deseribed. A S0-fold pucitiea-
tioa was obteined by iwrmmonium sulohate traction-
8licn, treatmicat with culvivan phosphate el and
Cﬂl‘ﬁn‘qt wraphy on diethylhimineethyleellalose.

hvtdgnce i3 prxsi'nh‘d tor the view that plant

malic  dehydeogenase, like  the earvesponding
entmal enzyme, 13 an x- -hydeoxydicarboxylio ecid
dehydeogenage,

3. A number of kinetic constunts Lave been
evaluated.

4. Slight differences between malic debyden.
geause prepared from mituchondein eivl from the
supernatant  remaining after  removins  mito-
chondrine frem u homoeenate were noted. Two
praks with malic-dehydrogennsy activity were ob-
served during ehromatogeiyhy but ull prepmestions
appeared to have the sume substrate specilicity,

[ wish to thaok Profesaie T AL Bennet-Clark. F.1.5., for
ndvice, Me 1L J. Elisfurearrvinsont the a~=.n~uf"luvur~m.-~
owloacetic teansuninase, Miss J. Blonm for wvechnical
s3astance, and The Roval Socivry and the Apricultural
Bescarch Council for grants towands the eost of apparatus.
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The Determination of Magnesium in Biological Materials by
Atomic Absorption Spectrophotometry

By J. B. DAWSON*

avo FoAW. HEATON

Department of Medical Pbysics, University of Leeds, and Medical Research Council Unit
Jor Metabolic Disturbances in Surgery, The Gencral Infirmary, Lesds, 1
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The wide variety of mathods “lmh have been
"Moloyed for the determination of 1 nagnesium in
“'k'glf‘al materials serves to illustrate the iact

t no mathod is completely satistactory. The

* bledical Research Council External Staf.

majority of methods are chermical and the earlier

procedurés require an initial separation of mag-

nesium, cither as the insoluble ammonium phos-

phiate salt (Brizos, 1922; Denis, 1922), or as the

complex with 8-hvdroxygninohne (tircenbers &

Mackey, 1932). Direct cumbination with the dye
7.2
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Titan yeliow has been widely uzod {Gillam, 1941;
Cormear, 1945; Oranes & Lhein, 1951), whercas
maore recent!y methady utiliziny other dyestufy
a0l titraticn with erh)‘hr:;uiir-.mim‘tr:tm-ur:-:l:ic
sl have boen (lm‘clnpod {Smith, 1035, Willkiinson,
1957). Unfortunately many of these metheds gro
inaccurate or of very limited applieation, owing to
interforviice by other constituents of biological
materials. )

It is desitablo that any mcthod should be
applicabl> to the analysis of ashed specimens of
faeces and food or othep celltdar mterial in adidt-
tion to biclosical fluids such w3 s:rum and urine.,
Mediifications of CXistingy amrnuoniim phosplate-
sepuration methods have been shown te vield
satisfactory rosults swith all LYpes of specimen
(Heaton, 1990), Lut as the analvsis requires 2 days
8 more rapid method i hecessary for many
piarposes, )

During the past fow years flame photometry has
boen applicd to the problem (Vallee & Margoshes,
1936 Machievre & Davidassan, 18558), but the
nethod i3 of low sensitivg Yo owing to the weal
erission of the macnesium o eomnpared with the
flume Lo unless cither vers high flame

Keronnid,

-G

Rear elevation

N

Froat elevation

Fiz. L. Armanzement of atumnic ahsnrption spactrophsto.
meter. 4. Entrance slit of monochromator, B, mircor; e,
burner; £, comdinmr lens; £, wavelength couten]; F,
mazresium  lamp; 4, tmachromator deteetinn
ey Mooptical b n: /. slitwildeh contenl; f, ax.
tinattn scale and neilpoist mieter; KA. noedle valve; L,
AUnazie end spogy chanther; 3, SRSIIVILY eontrols; &y,
lanipecurrent contrids. .
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temperatures or int:-x_:rating systems aro Qmp!o.w_\,}
(Exley & Sproat, 1459). Greater sensitiviey may p,
obuiined by utilizing the principle of atom;,
absarption Bpectrosenpy supgested by “'ag,y.‘
(1333). This principle has been used by Al
(1938) and David (1938) to detennine sever;;
metals in biologiral materialy ufter preliming;,.
ashing, and by Willig (1960, 8) to estimd{,}
caleium and megnesivm in serum  after 8imy,l
dilutinn,

T T e e v — e o N

The estimation of magnesiwm by ttomj.
nbsorpt-ion spuctroseopy irx\'f)lx'cs passing Ligh,
contitining e high proportion of magnesiy,

resonance rediation through & flamo. ;
tlame are wspirated solutions whoss marmesiyy,
content is to be determined, and the light abs‘,ri;,‘.,j i
at 235,203 my s eompared with the absorpting o |
a standard magaesium solution treated sioilirl,
An instrument suitable for atomig a'usorp;;‘;n !
Spretrophotomeiry has been eonstructed in gy,
laboratory and the method examined for ths
arlysia of both biologicat fluids and solwtiong o5
the ash obtained from cellular mnteriuls,

The classical maznesium ammonium phasphay,
separation method has been eritically examineg &nd
its accuracy determined, By comparing the regni.
of this method with those obtained from the s
specitnens analys.d by atomic elsorption specegrs,

Into tha

¢

Photometrs, the ubsolute accuracy of thy bt
mcthod has been estimated, :
i

!

EXPERIMENTAL H

R ., . i

Descripiion of the alomic ¢hisorplion ;
spectroplotometer H

The arrangement of the principal compenenty i1k
magnedivm lamp, elomizar, sgrey chamber, burner, Iing

chromator and detection fvsiemy is shown in Fir. I,
Magnesium lipp, The lamp, generuting light of gn.

magnesium resonance frequency, is a Guartz-windowe !,

-~ L,

T a6 4 i g i ey

Fig. 2. Magnesium lamp. A, Quartz window sealed to giass
eavelope with black wax; K, glass envelope; €, tupns:
arnwle: D, C7a glass-to-metal seal; £, sealed-off conr
to vacuum svstem; ¥, screw !ofkﬁ:g cathudo in N
G, tunusten rod s
4, hollow magnesiym cathode. * -

pport for cathode; I, bard-gloss sheevs: &

.

v

ey
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Piz. 3. Circuit dingram of current-rezulated puwer supply tor agnesivm lamp.
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Fig. 4. Spray chamber. ., Conaesion to burner; B, O-ring seal; €. knuried locking rings I threaded brass
flange; E, Perspex tube at angle of 37 to main bedy; F, clip to secure EL atomizer; @7, inuer Perspex evlinders
1, recess for atomizer; 4, acetylene inlet: 7, slit in innee cylinder for drsinage; K, rod puiding drups to vuthet:
1L, draing M. bluck fastening chamber to beneh; N, vuter Perspex eytinder: O, groove to avcomumulate side
arm of stomizer.
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hollow  tasmesinm-enthode  discharge tube, Siled with
arpon At A pressure of -2, e iFiz 2) Puwer is
supphiod 1o the hamp by reurrent st iticer (Fio, 3), which
o finl froim n Solartren ec watant-voltage supply, type
AN ST Solattron Electeamie taoup 1.0, Thares Ditton,
Nurreyvh.

Gacsupply. Airandacetyleneare suppliod from eviinders
fittedd with two stage regulators ((ypes RO 1Zanmd BARD
respeetiveiy, Dritish Oxvien Gusvd it Womnbiey), tine
contrnd of the acetyhbena flow rade being provided by a
noedle valve situated om the istrument.

temizer, The atomiser is of the type uscd in the BEL
flane photameier {Bvans Eleetroselenium Ltdd,, Harlow,

}ssex).

Nproy chnahor, "This is constructed of Perspex (Fig. ).
the Jdran running into cealed bottle o help wmaintain a
steady e prossre g the chanther.

Rerner, Vhe burner. constracted of brass, i3 water-
eooled tociunmate instability due to temprerture variation
(Fig, 5.\ diaphragey i inserted in the bhtopath to
Fostrict Absorplioa edastrenents to the optimmn pact of

the thane.

Monec romaior and detection system. This consists of the
monechromator and deteetion ) sten of the (174 zpectro-
photometer {Optiva UK. Lol GatesteadanTene) the
Jamp housing bein replweed by oa parallel-har optical
bench, Oa the bench are motnted the magnesivm famp.
a eowlens-or leas, the burner andl a mireor which redects the
lieht into the entranee sht of the monachromator.

Prreparation of the atomic
ahsurption spretriphotometar

The positions of the banp. Lens and mireor are adposted to
i maninum licht inte the monechromator frmavinam

e
transmission o tae eatinetion sealer. Lo wavelenuth
iy adjusted to obain

control is set at 255wy and then't
maxinin transnussten at the masnesium lesciiage Line

053 213 vige. Tae s lit widih iz setat 2 o, T posttion of

a ! h

«
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the burner is adjusted until the gas ports are slivned wi,
the npti:al,axis anl 12 mm. betow this axts. The i:'.,atrumi.r_;‘
is chmcked to ensure that edlition of eodiam (17 my
160 ml) to a stanvlard | magaesiury golution (03
100 ml) produces no change in extinction. H inrecfovene,
is ohsecved, the heizht of the burner is adjusted refative tq
the optical axis until this efeet disappears. The ir-.:s:n:mr_\,—li
is now correctly assembled, and further adjustment g,
necessary only after moviny any part of the cquipment,

The atomizer and s ports in the buroer should by
clraned after approximately 100 estimatiens, auid the draig
battle fiem the spray chamber musy be empticd perindie.
elly. No other routine maintenano: is required.

Operation of the atomic
absorption spectrophotoneter

The magnesium lamp ia allosved to stabilize for apprav.
mately ke, Tefore the instrument i3 s 1. Cooling warey
is then passed throuzh the burner, the pressures of air and
acetylens are adjusted to 13 wad 3 1b.fin 2 respretively, aad,
‘\\it‘u the needic valve fully open, the gas is tznited, Tha
acctyline tlow is reduewit by means of the newdle valv
nntil the white tips just disappenr from the cones of un.

wrat gas an the tlame, Water is espirated into the thoy
and the senaitivity control is adjusted to give anextiact’ o
approachingzero, No aitempl is rrade to wljust exaetly r,;
sevo na it is imposzible to stabilice enmpletly the Hoht
ourput from the lamp.

Fstimationg may convenizntly be carciedd out in geovipy
eontaining up to eivht unknown solutiong, A stawlan]
salution eontaining O-V50 my. of mapnesiam in 109l of
0-15-hydrachloric aciil is meazured irmpiediately befors and
after cach wroup of Ihe small eilc e
Freap instabeiity is miw izedd Uy eraying watet buth bubee
and arcer Pach maznesium-containis
value of thesy two rc 23 I
extinvting of the sampic.

wown =ohutiona,

solution, the wan
g subtracteld from tha
he extinotion of every soliring
is measured twice end, after coerection for the distiled

]

fin.

L E—
X y < .

Section Y-Y

Section X—X

Yie. 5. Burmer. o1, Gas ports (30« 1 mm. diameter); B, metal diaphrazm; ¢, water-conling pipes soldered

to hody ¢ burner; D, Teery clips ertuching diaphragm to cooling pipes; E. burner bady fabricated from

16 s.w.6. shert brass; £, conaexion to spray chamber.

P
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wator blank, tho maguesium content of cack unknown is
calulated from the rutio of the mean value for its extine-
tivi, to tho correspondding value for tie standand eolutions.

Preliminary trealmenl of samples
F

\p(-cimms are ailuted to p:mi 263 a soiution for reasure-
pentoin tha isstrument which eentuna 062-0 U3 g, of
procaesiumfito mh, Hydredhionis and (2x) i3 added to
erch solution o g oo e fin el eoncentratiopn of 0-EN,

F'osma or eerum. Direet, 50-fuld diution is satusfactory.,

Trire. Ihluting 100 timea i usunily satisfuctory.

Dl e2lz, Peclizd celia cre lalied with a eow srabile
excess of gvater before acidinication: tud-foll dilution i3
satizfactory.

Fuwd and foeeal matericls. Salid msterinls are bomo-
revized with water and diluted to a known volune,
Suitable portions see tr.zmi’c:’n«l to silica erucibles, Joed vn
a sand bath end a sht in & mutile fumacs at
a0, The esh s dissolved i:1 E':;»h_y:lroch!oric acrl and
Lluted ea deseriled ebove.

Feagents

Chemicals, AN materials vied were of Anulalt quality
with the exception of diprizssium hydiozna phusphate and
dhrlecediaminetetra-acetic ecid (lisadium salzy, which
vere of Latboratoryvereagent grade. Tie standand caleium
wlution was prepared from deg caliium carhonate dis-
selved in the minimum quantity of bydrochlurie scid.
Clazedistitiod water was used for the preparution and
drinsion of ol eclutions,

Sgndard magjacdam ealstion. A stock solution of
Mes0, L0 containing Wz of n:w;x;e.—"iuz:‘._lt-ﬂ mil, is
yod. Working sirenuth standards of guduz of
Rt tm G el ere prepered by difution, and aeilifed
with hydeachlorie acid to () 1 in the snme wanaer as l;m
wilutions to b a ansivsed. The working standarnds are stablo
for 1 week provided they sre stored in thsks aged by

equiljb:utiun with similar sojutioua.

L33 v,l

Chemical estimation of magnesium

Magnesium was detesimined by the amwonium phos.
phate separativn method of Simonsen, Westover &
Wertmaa (1047) for serum magnesium, meditied and ex-
tanded to the onalysis of ctier materials ay described by
Heaton (1969). ’

RESULTS AND DISCUSSION :

Develapment of the metiod

Treutment of solutions. Magnesium sulphate and
Mmigneshiun  acerate, the two non-deliguescent
magnesium salis readily avatlable in a high stute of
Pitrity, were examined for us2 as stamlums. A
neutral aqueous solution of mamnesium sulphute
Produced nn absorption appreciabiy groator than
thut of an equiznolar solution of magnesium eeetato
(Table 1). When these solutions were treated with
8catic acid or ~sulphunc acid in quantities sutlicicnt
to equate their anionic compnsition, en inereased
extinction v-as obsorved in both cases. and tho two
solutions gave identical results. Similar agrecment

THE DETERMINATION OF MAGNESIUM . 13

was obtained when solutions of both salty weee
acidificd with #n excess of hvdrochloric aeid.

Aciditication with hydeuchioric acid to 2 concen-
teation of 6-1x was edopied a5 a routine proccdure
with both standard and unknown solutions. Under
these conditions, & standarnd solation contaming
0-050 myz. of maegneshun, 100l produced  an
extinetion of approximately 010, and the cakibra.
tion curve wis linear up to o magnesinim concen-
tration of 010 mype. 100 ml.

Nelection of corrcct veqion In the glame. The
optimum part of the flarmee for use in atomic
ubsorption measurements was imnwdiately wbove
the ennes of unburnt gas. 1 the burner was too
Ligh relative to the optical axis, addition of other
cations to a standard aegnesium solution eaused
an apparent enhancement of the magnesium con-
centration (Tuble 2).

Evaluation of the projnsed method

The evaluation of the atomic sbsorptien
method teported in thig section was carried out
with the beight of the burner correctly mh(kteu
andd ell solutions were vcidified with hydrochidorie
actd o3 deseribed in the Fxperiraental secrion,

Intorference efiects. (a) Inorranic ions. The rajor
inorganic contstituents of biolegicnl matenals were
tested for interference ai the concentrations st
which they narmally oceur, and av twice these
levels, Solations of suitable salta were added
solutinns of known warnesium content. and the
apparent magnesivm econcentrution was deter-

I'nble L. Infuence of aninns on the absorption of
standard magssivm solutions

Extinction for
0050 mg. of My tw ml,
A

s A
Magnesinm Magmestumr
Solvent sidphate acetate
Distilled water 0-1103 0-1058
Acetic acvid, D0 px 0-1149 —
Sulphuric acid, 50 px — C-1149
Hydrochlorie ucid, 4-1 X 0-1125 0-1121

Table 2. Ejfect of burn:r height on interference
produced by vther cutions
The magnesium concentration was O-050 me. /100 mi,

Perceutage interference
Distance of - ~— ———t

buruer he' e Sadium Patassivm Cal 'ﬂu'n
opm axis (17O me {44 ueg {50 e
{min.) 109 ml.) 164y k) o) ml.)

4 +4-4 +37 +1-3

[ -u-2 +37 +0-7

3 +08 #22 .  +13

10 +1-2 + 24 -0 ¢

12 o0 =09 +0-1

14 +04 +~08 +18

P
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mined, making dus-alowance for tha sinall blank
readings of the added salts. The interferenee ab-
sorved with bfferent salta was random in nature
(Table 3), varying from + 10 to — 162, of tho
magnesiam eoncentration, atd was equal to the
experimental ercor of the measurement.

(5} Organie substances, The ooy inie constituents
of plasina, blond cells aud urine were examined e
interferenece by compuring the magnesuan content,
mensured after simple ditution, with the values
obtained after preliminary nshin of the
specimens. Ninee interforenes by inorganie ions is
negligible the results phraineds with astedd material
were emnploved ns o standacd of reference. Orzanic
rmaterial enkanced the apparent meanesinm content

sarne

J. B. DAWSON AND I W. HEATON

1961

of all types of specimen (Tablo 4). With urine end
binod eells the enhancement of 0-4Go was insionifj.
eant, but with plasina the effect wes rathor greater
(2-39,)

For the determination of serumn masmesinm
Willis (19606) advocated ditution with golutions of
cither the disodium salt of ethylenedimminetetra.
acetic neid or of strontium chlorids to liberate the
protein-brund  magnesium, which normally ecn.
stitutes approximately 35 %% of the toial present in
serum (Copeland & Sunderman, 1952; Prasad,
Flink, Zinneman & McCollister, 10933).  Actditica.
tion with hydrochloric aeid, however, produced
results similar to thoss obtained by these procedury
{Table &), and simple equeous dilution yivldad

Table 3. Inferference cffects of inorganic ion3

The magnesium conrentration was 005300 mg./100 ml.

Conen.
Cation (mg.'Tuo ml) Anion
Na* g5 clr”
170
K* 1-96 PO~
101
Cu* 25 (&
50
N i Q56 S02-
1-.52
Fe2~ 1-0 802
200
Fed+ 1-0 8 o
20

Apparent

Conen. . Mg conen. Percentage

(mg. 100 ml.) (ing.; 300 mb) interfercace
131 043 ~ 04
2452 00109 -02
2-39 0-0505 +1-0
ER 0-0502 +0-%
044 0-0561¢ +0-8
0-83 0-0¢99 -0-2
262 00102 ~16
404 0-0493 -1-4
171 00502 +0-%
3-42 00493 -1
1-71 C 00302 +0-4
342 00302 +0-4

Table 4. Coreparisan of meagnssoam analyszs carriold out by (ay direct dilution
aml (h) prelincinary ashing of the sume apecimnens

Magnesium conea. (mg. /100 ml.)

Plasma Urine Rlood cells
(1} (b} {n) () {a) )]
168 1-83 311 318 4-51 495
}-n0) [ PR 270 285 6-46 6-27
171 17t 341 319 443 433
1-07 104 485 970 307 &3
1-64 15 747 547 607 612
200 201 351 541 552 543
Mean 151 197 5-36 550 543

534

Table 5. Effect of various diluents on analysis of plasma

Plasri:a ditvent
Distilled water
Hyrochlorie acid, 018
tithylerodiaminetetra-acetic acid,
dizodium sale, ool
Nteontium chlocide, ©6 2.6

Extinction -
p - N Plasma
My standazd Plasma Mg conen.
{0-030 mg. 160 ml)  (diluted 50 times)  (mz./Ivo mkb)
0116} 0-0020 1-98
01185 0-0019) 1.02
01156 0-0uC0 1-04
0-1127 0-0872 1-93
g

171
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raults 2:39 higher. It appeers therefore that
displacerment of tho protein-bount maguesium
ciaher occurs during cqueons dilution or i3 not
recossary for the atonie ubsorption method, and
e substencea used by Willis, in relatively lanme
concentrations, may be acting as spretroscopie
buiiers in a manner similer to hydrochloris ucid.

Leproducibilty and apzed. The averaze didlerence
between duplicato determinations of the extinction
on 40 different solutivns was 1-U%5. Duplicate
estitnations of the meznesium conuent of 20
different specimens vavied by an averaze of 1:3Y,.
This larger errov includes both the instrimental
error ek the volumetrie errors invoived in the
preparation of solutions for sxsav. After prepaga-
tion of the solution s single extinction cun b
measured in epproximately 1 min., whereas duplt-
cate measurements of extinetions vn a group ol ten
solutions require 20-30 min.

Toble 6. Comparisun of the atomic absorption and
nagnesinm erunenium phosphate wethols

Plesma Mg (mg.j100 ml) Urine Mz (. 100 mlb)

e - e M e ey

L N
Atomic Phosphate Atumic Phosphate
abscrpiion  separation absorption  Beparation

167 133 o4 333
102 1-9) 311 4n7
1-51 193 o3
14 1-63 3-39
174 17t 350
1-61 163 632
1:59 1-31 300
163 169 10-50
1-53 1-50 T4 Ty,
1-05 1-50 126 1.6
2013 200 603 B
1-07 202 511 313
o224 2-09 267 240
195 1-95 5490 5H3
171 167 67 265
1-50 a3 484 183
1-63 1-63 340 340
1.96 2-00 956 066

Mean 1-84 181 401 +-86

Mean difference
005 (3.E. B-U4)

Blood cell My
(oig.; 100 wl)

Mean difference
0-03 (s.e. U-01)

Food or faccal ash My
{mg.;luo tl)
A

Al ~ ™
Atoutic Phosphate Atomic Phosphate
absorption  separation absurption  separation
6-00 7-10 552 523
+31 $-30 551 597
5-09 619 645 U-15
454 4-29 443 437
541 564 402 4-52
4-67 404 5-39 5-53
Mean 530 544 5+39 3-32

Mean difference
0-0F (5.E. 0-U3) .

Mean diference
005 (s.u. MOT)
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Comparisun of the atunic abvorptivee arel me-
A wiiero-
odidiention of the elassieal armnonian phosphate
methied has breen used as arontine i this nboratory
for the detecenination of marnesiuin, The prineipls

nesct emonieny plosphats wethols.

of this tactliod is the precipitution of nuemesitm
wx the amimonium phosphite salt, the 1oagnesite
present in the precipitate breing vabentite! from the
phosphate content us determined colotiznetrivally .
Culeinm i3 previously removed by previpitation
with ammonitun oxalete.

Sirpultaneous analyses were nude on 120 daffeer-
ent specitnens by the propy wed method unid the ame
monium phosphate scparation proceture, Typeal
restlts are shown in Table 5. The arumie absorption
mettosd produced slightiy bivher results than the
chemical methed exeept wath inorgenic solitions
of food and faceal ash, where the ave race value for
the ‘ammonitmn phosphiaae method exeeeibed that
for the etomic absorption procedure by o,
With blood eclls, urine and plasma the menn
vilurs obtained by the proposed methol wee2
respectively @48, 10 aned 170, higher thun the
correspunding resules tfromn the chemical method.

Aeccuracy of the meumnesium amemonium
phosphate ntiod

The systematic errors inherent in this method
an be divitled juto two zroups: those which
deetense the magnesita content of the tinal prece-
pitate, tnd  compensatory errors fewding to tho
presenee of an cubzeed wanuat of phosphate in
the previpitaie. The greater sensitivity of the
atomie absorptivn methoed was u=ed 1o determine
the macnitude of these errees. The magnesium loss
was ascerutined by determining the total maz-
nesitun present in the caleium vxulate precipiaie,
the supernatant fhad o the marnesiam am-
monitun phosphate previpiate, and the higquid used
to wash this precipitate free from exeess of phws-
phate. The magnesium equisulent of the phosphate
gain wus detecmined by comparing the we gacsium
content of the maguesinm amunoniun phospheato
preecipitate,  as measurcd  directly by atomic
absorption  spectrophotometry, withe the corre-
sponding value obtained by ealeulation from the
phosphute content of this prcuipim:c' moeusured
colorimetricatly.  Suitable blunk solutions  were
measured, and allowanes wus made for toee con-
tomination introduced by the reagents employed in
the chetnical proeedure. Muost of the measurcinenis
were carried out on the nnalyses of serum and
urine reported in Table 6.

A total mammesium foss of 2:2-2:3 °, was ©bL-
seeved witl both types of material, nndd this was
wsually balunced by the phosphate s, givinge
results within = 195 of the teue value {Teble 7). A3
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Table 7. Systematic errors in the magnesivm ammonium vhosphate method

Fach value i3 the nican of 20 eatimations. :

Magnesinm Joss

|

Phosphate gain Net error
O

Muterial {“o} Sol i %%
Serum or plasma 25 (5. 0-0) 1-7 (5. 001) - | -08
Urine 22 (NE. O-3) 2.3 {s.E. 0-6) ! +0-1

SUMMARY

woull be expected, however, the phosphate gain
was ]Jrnpﬂrtmn.ll to the magnesiurn concentrittinn,
which i3 normally greater in urine than in serum,
For scrum this ¢ain was slizhtly fess than the
magnesitm Liss and so caused underestimation of
the irapnestum content by 039, but wich urine
the uvémge,‘ phosphate gain exeeeded the mae-
nesiun loss vees slichily, producing resules 0410,
high. As the procedures fur the analysis of bload
cells and soluttons ot ashed warerial are identical
with the methods for seeun and urine respectively,
the errors inherent in the latrer enalvees may be
Ceonsidered tepical of  those “oceurring  during
enalysiz of the former materials.

Oeeasionally Yarcer and non-reproducible errora
were encountersd, owing to disturbanee of the
magnesiin anpenonium  phosphate  preeipitate
during  manipulation. Estimations where such
errony aceureed were exeluded in the compitation of
Tubles 6 and 7.

Absolute accieracy of the atowic abaorption
method

Direet comprrizon with the ammonium p‘ms~_
phate procedire shewed that the ntomie n...~nr[m-»x\
method prodoces resalts 8, 140 and -7 ‘o higzher
than the chernical inethod with blood eolls, urine
and plasroa resprenvely, the mean valuz for ashed
material being 082, helow that given by 1he
chemical procedure. It aliowanee is made for the
crrors in the chiemical mothod, the results obiined
by stomic absorption  spectrophotometry  for
rlasma, wrine and food or faccal ashes difter
respeetively by £0:9, +1-1 and 059 from the
carreet values, These resulis are nnc . exact
agravment with the probable erroes indicated by
interference stidiea, the diserepancy vary ing from
0-4°5 with bload ceils to 1:49, with plasma. No
attempt was made to resolve these differences by
studying larzer series of analyses, as they are
sufficiently small o he without practieal signifi-
cance, and dn not atfect the conclusion that the
atomic absarption method is accurate with all
types of mawenal 1o within 295 of the absobute
valua,

1. An instrament suitable for the determination
of magnestum by aromic absorption spectrophots.
matey is described,

2. Analyses may be carried out on serum, uring,
Blood eells and solutions of the ash from food op
faccenl materinls after simple dilution and wcidifieq.
tion with hyvdrochlorie acid.

3. No signiticant effect i3 produced by other
inorganie ions. The organie constituents of samydig
cause wlicht overestimation of the maguesiim
conventration.

4. The maguesium ammonium phosphate matheg
is exarainod and its accuracy determined.,

5. Cowmparison between analvses carried out by
the ammonium phmphum method and the ntmmc
abszorption  procedure shows the Intter to he
nceurate to within 290 of the absolute value.

We wish to thank l'r DL J. Ellis. Mr S. Taxlor end
Me AW Chivers for their invalusble help with the con.
struction aml evaluation of the instrument.
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Notes
The Editoy wishes fo point cxd thal the pages of the Jourial are cpen for the inclusion
of shert notes dealtng with anaiztival practive and kindred wmattors. Nuckh sobes
wre submidtied to the D'ubiication Comnnétee 00 Uie ssual noiner.

AN UNUSUAL ADULTERANT FOR PEPPER
Froat one of our Autheritics we recently veceived four sealed samples of peppers
which we will designate A, B, Cand D) the Bt was deserfbed as 2 Pepper” and
the others as “White Pepper.”  Microscopically, thev appearal to be periectly
genuine; I contained more husk than the others

The ash of these samyples we found o be 29, 102 0-95 und 470 per cent.,
respectively, and when re-carbonated they were 825, 1:24, 122 and 57> per cent.,

We examined the ash of sumples A wnd D, o both of which we found notable
amounts of magnest, which we determined quanttatively, wnd found in A 7 per
cent, and i D) 8 per cent, (culeulated as MgCO,)

The two =amples were further examined and found to contain magnesium
carbonate,  This adulterant, in the~t wmounts, is ditiicult of detection. as it is
likely 1o be missed i the microscopicai examifation, wul, unless the ash is re-
carbonited, its amount might not wrouse suspicion, particularly if the sample be
described as “pepper.”
~ The appearance of these two samples was excellent—that of white peppers in
fact, but on removing the wagnesium carbonate by dilute acids, the original pepper
in D was seen to be distinctdy inferior to that in A, as containing considerably
more husk.

Not only docs the addition of magnesium carbonate improve the appeacance
ofethe pepper, but its cmployment presents some temptation, as its cost is about
whe-third that of pepper. J. T busx
Vo H. Carces L. Broxay

PUBLIC ANALYSTS' LABORALORY
10, DAy STREET
- NEWCASTLE-UPON-TYNE, 1

THE PHOsPHATASE TEST
Wi have been carrying out thuphosphatase test upon samples of pasteurised milk
tor two local authorities in Londgn for the last six months.

So far as our results indicate\ we have found the test extremely useful, not
vnly in detecting gross errors in pasteurisation, but alzo in revealing small errors in
teelimique—such as insuflicient poriog\‘f heating (less than half-an-touri or heating
sightly below 145° F.. Recently we J\an- had an iteresting border-line case
which clearly indicates the utility of the h\ﬁ\in this direction. .\ particular samnple

gave a blue value of 3:3 Lovibond units and\we reported that the results indicated
sector, therefore, checked the tem-
Mion, and he was able to ascertain
asteurisation was near 4o}

@ slight error in technique. The sanitary inx
Perature records of the particular dairy in que
that on that particular day the tewaperature o
Or a considerable time.
Regarding the method of carrying vut the test, w have also noticed @ nuniber
of points emphasised in the paper by Anderson, Hersehdgrter and Neave {see p. 86,
{1cre_is one point, however, about the * butfer substrat” which is worth noting.
We have used, throughout, tablets supplied by the BritislNDrug Houses, and have
found them quite satisfactory. These tablets are particulanly useful when one has
to make a few tests intermittently, and not regularly from dsy to day, because a
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SIMPLIFIED METHODS FOR DETERMINATION OF CALCIUM AND
’ MAGNESIUM IN THIT SALIVA
YNGVE ERICSSON* .
Fom the Naticeal Institute of Dented Resoorel, Biothesda, Md., and the Department of
Physioloical Chemistry of the University of Winnesota, Minncapolis, Sinn.

ITIS article deseribes the applieation to saliva of two analytic methods:
L the titration of ealeium and magnesium with disodium ethylene diamine
tetaeetic acid, and the eolovimetrie determination of magnesium by the titan
vellow procedure,  Observations made during the work whiech scem to be of
wnre ecneral intevest are also reported,

T. Cancirar axp Maove=tra Drrervination ny CoMprrnxoNk TITRATION

Calefun, macuesinn, and other metals are firmly bound in un-onized com-
plexes by eertain orvanie compoturds which have heen called complexones.  Cer-
tain dyes have a similar, althoush weaker, metal-binding ecapacity. If the color
of sueh a dye is distinetty differenr -from that of its complex with a metal, it can
be used as an indicatar fov titvation of the metal jon in question with a eom-
plexoue, » .

Techniques based upon this principle have been rapidly developed during
the last few dears. Fore determination of ‘the alkaline earth metals, disodiwm
cthylene dinmine tetrascetate «EDTAY has heen applicd most otien; a hasie
paper on this subjeet is that of Bicdernimn and Scehwarzenbach?

tn the biclosie field. methods bave beenevolved to determine caleium in
plasima and in serion, wrine, and spinal iladd by titration with E1YLN. using
murextde fammoniun prrpirater as indicaror, Another techutque uses 1rio-
chrome Blrek T oas imdicitor for Me dons. This dve shifts from red to blue
when all Me fons Lave been bowed by the EDTA titeation solution. It can
hardly be used for tiivtinns of Ca adone, beeatise its color <hift is then too
gradual and indisiiner. 10 Ui and My ave present simnltaneously, however, Ca
is bound tivst by the DT A and o sharp end point s obtained in the My range.
The total amonnt of Cacand Me ean thus be determined s in My is determined in
woseparate sample atter the Ca has beerr precipitated as the oxalate, ('a is ob-
tained as the ditterence. Sneh methods kave been n;vp!ic«l‘ mainly in water
analysis " but wlso for determinations in biologie thuids?

A thivd methiod, nsed tor ultraemiers estimations on serumtt involves the
same determination of Ca awl Mg, tollowed by thd separiate determination of

M by a speciad colovimetvie method=7: % is obtained as the differenee.

ORIGIN AL INVESTIGATION :
N .

Various modificitions of the methods onthined previousiv were tested with

relvtenes to suitabiiiny of caleimm amd magnesivm analysis in the sativa, The

This antesturtion wis suppotted in part by o crant feom the Upited States Pablic Health

Seevieds
Frocave b for putiitation My 18N 19520 Qevisel by anthoee Foeb, I8N, 1958,
CBablic Bl Sersgee Hesearels Fofhow oof thes Nativnasd Tastitaie of Dental Hesearch.

PProcent wbdreas s Siate Breatat Scbaal, Stocktndi, Sweaen.

10} . B
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Number 1 : s

techuigne finally adopted was found 1o be about as< aeenrate asaind el e
cenvenient than, the methods” previously used Ly the present sothor, the privei-
ples of which were: precipitation of Ci as the onabute. conversion into the
carbonate by ienition, and titration or the carhonate with hydreehlorie aeid,
Lazarev® deseribed this procedure as the most gecuriate of eatabhishied teehimfpes
for caleium analyvsis. .

The nse of murexide as an indirator for diveet ealeinm titration wis Fotnd
impracticable, because the color shitt was wneh foo weak aed indistinet o the
investigator’s eve: nor were efforis with spectiophotomerrie reading ot the
color shilt suceesstul. The woerk was thereton concentrated on thee titration or
tion and deduetion or M,

The EDTA titration was thoroweldy tested with known salt sohitions he-
fure heing applied to the salivi. The weneral proceduave” is deseribed in the
following :

CThe LDTA titration must he pertormed in an alkaline bhater of pH alout
S 1o 10, since the idicator Frioelirome Black T is alwo a el indicater, luiving a
wine red color below pll 6.3 and an oranse eolor above piL PG The indiegtor
s sensitive not ondy to Ca and Mu dons Lut also 1o a0 ereat number of other
cations. =3 None of these is, however. present i the salivic except as traces,
e, of Cu oand 1.

Aninportant observation wus nuule when didevent econventrations of M
stardard Jn the rauge 0.1 10 2.0 1)l per liter weee titrated: the BDTA con-
Munption is wot proportional o the Me concenteation, heine comparatively
higher at Jower econcentrations.  The reason tor this phenoucton seetns 1o be
indicated hy the fact that higher indicator eoneenteation wave o sreater devi-
atian from proportionality.  The indicator Friochrorae Black T probably binds

W appreciable fraction of o dow Me coneeniration.: Sinee the deviation was

found to be finear, at least up to 2 M My per liter, there is no ditticulty in pre-
Paring a ealibration graph for a eiven huftor-inlicator mixtare,  Fle, 1 shows
a typical graph of this type tor e such misture. ]

The determination of My wlone by this method required quantitative removal
of Ca. The classical methold or precipitation as the oxablie was tested with
known standard solutions of coneentrations approximating those found in the
salivae A serious complication was the requently incomplere precipitation of
Ca as the oxalate. Recent investizators have encounteved this ditienlgy e o <
With difterent techniques for precipitation of small coneentrations of a these
authors found 0.015-02 mM Ca per Hiter unprecipitated, .

In view of the importauee of the nxalate precipitadion for e deternination
ot both Ca and My in saliva and other biologie fuids, a Gatrly detailed study
was understaken with salt solwtion conecntrations approxitating those of the
siliva, amd usinge sueh small volues as ean casily be obtained, in the case of
saliva, without stimulation, My, or Me and anprecipitaned €, was deterineld
by EDTA titeation usiug the teehnique ' deseribed in detail at the end of this
seetion, in some of the experituents with sliehe lm‘nliﬁv:lliml,{ The stindand
solutions used were mixtures of CaCl, and Ml of fineld eoneentrittions he.

Caand My with Erioctivome Black T as indicstor, aud the separate deternting.-

29
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106 ’ ERICSSON il Re
tween Land 2 M Ca and 0.1-0.5 m Mg per liter.  In some tests phosphate was
added 1o the concentration of 5 mM per liter, and HCT to a reaction that pre-
vented precipitation and zave o pll of 43 on the subsequent addition ot 0.2
volume of saturated anunoninm oxalate,

No difference could he deteeted between precipitations at different pl
values between 4 and 7, and no coprecipitation of Mg was ever tound.  This
was i awreenrent with Holth's observation that magnesium oxalate was never
preeipitated from solutions of concentrations below 3 mM Mg per liter.??
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Fig. 1. .

The concentrations of uuprecipitated Ca were renerally of the order, 0.01 to
0.02 mM per liter. No differenees were obtained with varyieg precipitation
times exceedine vne-half hour, This is apparvent Prone Table 1. which shows the
vestilts of two typieal sertes o7 tests in which the titrations were performed by
the teehnigue given Iater. Tn one of these series, gs in some other tests, preeint-
tation wars also careied out at 807 C, avernighit, followed by several hours™ refrie-
eration: no more Caowas removed. As Table | shows, the different eentrifuzation
periods tested gave no consistently different vesulis: neither did deeantation,
compared with a suction technigue that prevented swirlineg, or removal of any
surfaee fikn.  In o nwmber of series, these sepavation techiiiques were fouml
more reiiable than filtration thvougl even the best paper filters or the finest
vlass filters. . ) ) .
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Volume 3¢ DETERMINATION O CALUCIVA AND MAGNESIUM IN SALIVA 107
Number 1 . :
‘favLe I
Tesrs ox CALOIUM OXALAE PRECUITTATION
oo XTI = st LT e P - - i e e - e LT .\“.':'_.‘_‘__~ et i e ‘
L SEReA L ENIRINU LENTRIFU -
i CENTRIFUGATION CENTEIFUGNTION GATION RS BIN
PLECIFITATION ! 3 MIN, 15 MIN, VoD MIN. 13 s
CONDILIONS ; ST, ! SUHioN i DECANE. ! DE AN, DLOANT.
39 mim, roony e, U R I O B} 1,136 TR o e IR
S hours, roum temp. PR L (AT ulns RN AML v la2
Overnight, rocws teinp. (LAY w154 n. {56 e IR 1Y TR Y
Uvernight, 807 ¢+ . - R - 0168 0.16%
refrig.’ ¢ hours .
Mad., = N.1uh Med, = 0.1

Two mitlihiters =it sedaton Chs o e 1L M M SoeMoteral g caler prer Lilerd
vt ol matarated (N Hos G000 Al eentrnifuZations at abmat Sont ropn Paapedsecade BItraliens
with w03, LDTA sofution.

Since the conventration of unprecipitated Ca pevasionaily reached the order
of 0.1 1w per liter, this method could not he reerdel as satistactory, eapeeialiv
Yor determination of the luw My concentrations generaliy ocenrring in the saliva,
0.15 to 0.25 mM per liter. \s a resuit of this, citorts were made to Jetermine
the salivary Mg by the colorimetrie titan vellow method. ,.

in the application of the DT\ Fitvadion o saiira, iU seemied esseutial to
ascertain thut no disturlances were introdueed by its oruante counstituents or
by the Ca cumplex formation probably oreurting fn this tuid ™ Comparative
titrations were. therefore. made with sutive both direetiy and atier ashing, thie
ash being dissolved in 0.1 N HCE to-the orivinal voltime. 10 wus Tound that
ashing gave cousistently higher fiters tor Ca and M. the dilferences being
from 3 to 15 per cent.  In addition, spurious el poinis were trequent in the
diveet saliva titration.  The blue end-point color chaneed back to viulet atter
some minutes, indicatiug the liheration ot new Caor Mur fous. Sivee this might
be supposed 1o take place cither Tromt orsauie or inorganie complexes ov
from suspended solid particles, it seetied Togical to expeet an effeet trom direet
acidulution similar to that obtained by ashing with subswequent dissolution vt
the salt in acid.

Acidulation to the saliva's isoclectrie vange of ptl 2.5 to 3.0 can be effected

“by adding 0.3 volume 0.1 N HUL It was found, however, that titration alter
this treatment vave values between those ohtained by the direct tirration and
ashing procedures. On the other hand, if the common precipitation with -
chloroacetic acid was performed by adding 0.3 vpluwae ol 10 per eent acid, the
recovery was the same us, or sotewhat hicher than, with ashing. The sae
results were obtained Dy precipitation with 0.3 volume normal 1RCL which
gave about the same pll level {stightly above 1) as trichiloroacetic acid.  These
data are given in Table 1L

Control experiments with the addition of ivichlotoacetic acld in the sate -

proportion to a known salt colution tesemblitie saliva gave no change of the tirer,

Siuce, morcover, the agreement hetween trick}oreacetiv acid and normal hydro-

chiovie acid treatment wus good. these techniques were aeeepled ax siving thw
niost aceurate results. Noodetinite explanation van be' vtiered far the lower
values found atter aching, but it is known that mitrnesium amoniute phosphate

219
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in particular is gradually transtormed into the pyrophosphate mf ignition. In
colution the pyrophespimic is changel back to the ortopliosplate rather stowly,
ad it mivht thus reduee the titer by its strone hinding action on Ca and Mg,
Recovimended Tochwiee for Dolermination of Ca and Mg in Saliva.
Solwlicns (all of voagind gqrade chonicels v distilled wvater ). —
Anverania Buficr, pIf ahout 102 1 vol, MONITLECU T voll MLNITLOTL

N - - . . 3 EYE - - -
Indicator solution: 23 me Briochrome Black T (Eastman Nodak N,
P6361) dissolved in 50 i cthanol, Stoved in refricerator.
Buticr-indicatoy mictiore: 1l of indicator soluiion added to each 15 mi,
of ammonia buiter. .\ swficient volume {or titvation ot the whole analyvtic serieg
and the neeessavy My standards Is made up within a rew hours of the titratioy,
because the color 1s unstable over long periods, -
TapsLe 1L
WESULTS oF EDTA TirratioNs oF SaLtva®
e, asmine | echooon Ioxwet DIFFERENCES
No. (D ey SaY T N D I ¢ X5
i 1.4 119 0.0y
2 1.25 1.35 Q.00
3 1.10 1.12 +0.02
1 0Lt s 010 s
3 1.24 1.4 0.00 !
6 1.04 0 FU.05
7 1.00 +N.0NG
g G ’ +0.07
9 1.1s b +0.00 +0.09 0.00
in 1.00% o2 +11.05 +0.05 0.0
11 1.11 1.1¢ ) +0.07 +0.03 -0.0¢
1 s 100 4000 +0.02 -0.04 -
1 IBE 124 4010 +0.09 -0.01 £
| B 1.1¢ 1.2 40,08 +0.11) 0.0 P
15 1.0 RIS b +0.07 —0.07
1IN 122 : -1 +0.10 o.00
I 1.2 1.a2 ~thing +0.06 Qa.ny
Is 1.1 iy s X ~0.1¥3 +0.03
Mezxn Jdifferences No. 18 . +0013
Na, 618 =40455 +0.059 -0.009
Na. 118 Ny
TNHE (10 deienu at 63Nt Tos (0 ash diseebved in orizingt velume of 0.1 N HCL
28 protein o recgatation woeb B2 vl 10 per cent GOl COOLL ond (3 protein precipitation
with .0 ol normed FHCL AL cotieratrations are an millimols per liter.
EDT A solution, 0035 pep cont: 250 me disodiutn ethylene dinmine tetva-
avetate difivdrate dissolved o 500 ml, water and storeid in a Pyrex bottle. .
Stable for wonths, -
Ntawdurd solutions of MgCl: The titer of an approximately 100 mdl: N
Mot ~obution s determined exaetly, e, by titration with AgNO, using :
dichlorotluorescein as indicators? Streneths of 0.5, 100 1.5, and 2.0 m) per
frer awre prepared from this stock solution, A debp of toluene is used as pre- .
servative, ‘
Lrocidire~-Mix Ul saliva awd 03wl novmal HCU (or 10 per cent trit
cldoroadectie aetds in o eentrifuge tnhes Arter one-halt howy, centrifuwe and
decant, Pipetie 05 ul. volimes i duplo into 12-mb round-hottomed Pyrex
tubes. o caeh tibe add S gull huffer-indicator mixture. Dipette into a simitar
tebe 15wl distiiled water and € ml, haffer-indicator mixture.  Titrate the
-
e
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<aliva samples with the EDTA solution to i color watehine that of the Blank
wbe. Use a burette with inmersing eapillary point and wradieted in 1.01-0.00]
wl; provide a gool Piolit sowree behited the tubess Sreduee air bubbling o mix
the contents of the titration tube,  Ascenain the endepoint readine by stibise-
quent overtitration by 0.U0D i this will give a mord distinethy B entor than
the blue of the blank tube. Prepare a linear eulibention wraph by titpting one
dandard oi cach side of the coneentration of the arlivie samiples, using the
came bufter-indicator misture. Bead the concentrations of the saliva <amples
from this graph. Readinge fimes 1.3 == salivary Caoand Me

A precision of 1.5 pev cent has been obtained with a nnnher of duplicate

analyses by this techmicue.

1L MAGNESIUM DETERMINATION BY. png Frray YeELLow Merinn

If M is precipitated as the hivdroxide in stronuely alkaline solutions of
cortain dyes—titan vellow, thiwzol vellow, brifliany velow, Clayton yellow—the
light yellow eolor shifts to red. These dyes apparently aet as adsorprion inedi-
cators for Me(Olh.. Sedimentation ot the precipiiate van Lo prevented aud
the color thus stabilized by the addition of protective colluidds, suel as stavel,
gum ghattl, agar, or polyvinyl alevhols.

Barly workers who didd not use proteetive colloids Lad great diftienlty with
the eolor instability due w cedinenzationts =t Hven with eollobds ditficulties
arose from interreving metads tespeciatly Ca. AL Fe. aml Mo, and phosphate
ions.  Several authors have tricd 1o nevtradize the Diterierenice by asing cot-
pensation solutions containing these dons in hich conebn rations s A
hizh concentration ot puiyvinyl aleohol wits also tsea in order to prevent the
precipitativn which seentd to be the mechanisnr ol these interrerenees.”™

1n the body tuids interference misht he expeeted primarily from a and
(PO,) ions. Lrevious workers lave made conflieting statemenis un this point,
due possibly to their Jditterent techuiques. i =

ORIGINAL INVESTICATION

The titan vellow preparation nsed in adl tests and experitments feading to
the technique tinally adopted was Bostuan Kodak No. P16t Diflerences have
heen reported hetween the products of various manutacthers.® Three polyvivyd
aleohols were used: Du Tont’s Blvanol 72-51, SL-05, amd 7005, The last erude
was preferred since on standing it gave quite & clear solution with no sedienta-
tion.

Solutions of pulyvinyl ateohiol, titan yellow, and sodinn hydroxide were
added, in this ovder, to the samples ov standards whicl had- been pret reated as
will be deseribed.  Diflerent proportions and voneenirations were tested, de-
parting chietly fvom 3 of the works quoted previonsly v e s In conformity

3

with previous reports,’™ i was Tound that the color Jeveloprent and the aurees
ment with Beer's law woere elosely deperatent vt A he titan yellow cottevhtiaion.
The variations in eotor development between differeut atalysis series were fonml

to nevessitute the processing ot at Jeast 33 known standards along with eavch serics.
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Protein precipitation. with 1 volume 10 per cent trichloroacetic acid ta 2
voluies of salivi, wave the well-known opaleseent centritugate. _On the finul
addition of the sodinm hydvoxide solution. the opalescence disappeared. At
the sime time, however, an inercasingly floceulent precipitate appeared which
vave rise to rapidly inereasing transmittanee readines.  This was evidently a
cadeinmn phospiate precipitate: analysis series with M standards in the presence
of Caaned inoreanic plosphate at about saliva coneentrations gave the same
preeipitates, while these Caor phosphate concentrations separately had no in-
luenee, 1 seetas appropriate, theretore, to judee the infiuence of these lons ou
the titan velow methad from theis eombined efteet and not from tests with each
jor separately. as has been done in some previous works.

1t the caleivm of the saliva samples was removed as the oxalate, no precipi-
tation ocenrred on the addition of sodinm hydroxide, and stable transmittance
peadines were obtnined. When the oxalate preeipitate was filtered oft, it was
noticed that most of the proteins were removed at the same time without speeial
measures for their preeipitation s only a very sligld apalescence remained some-
times, mnl this disappeared on the tinal addition of sodium hvdraxide. Oxalate
precipitution awd filtration was, thevefore, chosen as pretreatment ol saliva for
this anulysis

EECOMMENDED TECHNIQUE

Soluttuns.—

Ammonim ocalate, saturatod solulion: Add 6 CGm. of reagent grade
YN L0 T 0 1o each 100 il or distilbed water, heat to near boiling, and
allow 1o ool

Polaviugl aleabol 001 per cont: Dissalve { Gue Do Pont Elvanol, grade
“0.07. in 1 1., distitied water while heating on water hathoaand stiveing vigorously
Preserve with sone drops of toluene, ‘

Titan wsllow, 000 por eont: Dissolve 30 me. titan yellow in 500 wml. distilled
water, Store in dark botile inorefeigerator,

Nodium hudvoride, 15 por cont: Dissolve 45 Gm. reagent grade NaOH in
300wl distilhed water, _

Procchnre —To 1T ml salivie, wdd 05 ml oxalate solution, Mix.  Tiltee
after ouehaly howe, Pipette in order into a Coleman tube, 19 mu. diameter:
1 ml fiteesre, Ul disiilled water, 1 omb polevinyd aleohol solation. 1 mlb titan
velow solution, and 1wl NaOT! solution, Mix by shaking between the addi-
tions: the water aind reagents may be conveniently and accwrately added by
syringe pipettest Include blauk, 0.1 020 and 0.3 mM Mg standards in each
analysis series. Read in speetrophotometer at 520 nip the wave lensth of maxi-
mum abserption, .

Feesults Obbeined With Recommonded Tocknigue —Ten consceutive determi-
Nations on @ known st solution containine 005 M M per liter, and caletum
and phosphate of abu salivary concentration gave the mean value 0.163 mM
with the standand deviation 0007 mM. This result, 0013 mM above the theoret:-
val valie, is representative of a greater number of tests carried out with differens
known soliutions, A sinilae sevies with saliva gave the values: mean 0.11 mdL
stanuiard deviation 0.01 3L '
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Ten tests with 0.15 WM Me, per liter adedetd 1o salivie e e the tueah peeavery
0.147 mdl, standard Jdeviation 0.021 il

No compatison was made with eachier jethods Tor the etertoination of
calivary Mg after preeipitation as MeN PO, T has neser pnen establisined
that such precipitates have the theorerical composition. The Hmitations of thes
wethods have been ¢ arly yeeounized by 2 investiaators.”?

Twenty-five analyses on iudividual samples of ittt sadive revenled
Me contents vurying between 013 and 025 wM per Hirer, with the wean value
0.18 mM per liter. Previous authors, ushe precipitation of MuNIi o, have
all given higher averagv values, for several Lesterl grotps abont 100 per vent
higher. and greater variationst Fwenly-nine anadyses of pesting salivas
eave the mean concentration 0.22% mM per Jiter, standard deviation 0055 wmM
per liter. .

COMMENT

The incomplete caleium oxalate preeipitation at coneent i inns of the artder
found in saliva anay he regavded as extublintnl by the papets guoted and the
findings presented in this paper. The complexone titration is alw limited by
this difienlty as Tar as the separde Jetertnination of M is coneerned. -

The titan yellow methold eaunot be pewarded as ideal Bt sectus to be better
than carlier methods. Of these, precipitation as Ve NEHLPO, evidently requires
a much more claborate fechntue for relialatity than has et ridly been usedl =
Although Ca determination by the methods presenied here veqatires @ difterent
procediires, it is st {1 more convenient than the methads hised on analysis of an
oxalate precipitate. For clinical estimativhs o alivi . il eises of exeessive
caries or the formativn of ealeutus ar salivary Jduet siones. a single titvation of
(a and Mg aud deduetinn of the average Me content secns guite satisfactory.
sinee the salivary My shows rather small variations. Fora menditicd FPosdick
test,®* the diveet cotuplexone titration of salivary Ua and My should he almost
ideal.

SUMMARY
Two analytic methods for small saliva samples ave presented:

1. Determination of the sum of ealvium awd aenesinm by titration with
ethylene diamine tetraacetic acid (BDTA), using Eriochrome Black T oas
indicutor.

2 Petermination of panestum by the colotimetrie titan yellow wethod.
The analyses revealed lower vatues for salivary magnesim than have heen
previously reported.
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amount of residug. It Swas concluded that: the toxicity of
Rabon is fairly Jow for hens, Rabon did not inhibit egg produc~
tion when fed to hens in quantitics less than 100 mg/kg, it has
high affinity for fatty tissues and amounts of 256 mg/kg did
leave residues in fat, amounts up to 200 mq/kg did not leave
any residues in liver, leg and breast muscles, Rabon was
metabolized or eliminated from the body tissues within a

FOOD TECHNOLOGY

OLFACTORY ADAPTATION AND DIRECT
SCALING OF ODOR INTENSITY

\
(Order No.'69-9947)
\

William Stanley Cain, Ph.D,
Brown University, 1868

In the first part of the investigation a group of 15 subjects
used mapnitude cstimation to scale the subjective intensity of
fivedifferent odorants {(acctone, geraniol, n-propanol, n-butanol
and n-poentanol), Concentralion was controlied by means of
an air-dilution olfactometer and the subjects jndged seven
concentraiions of each vdorant. In accorduance with predic-
tiong there was virtually perfect rank order correlation be-
tween the exponents of the psvchophysieal power functions and
the water solubilities of the five odorants. These resulls
need to be extended 10 other edorants and possibly offer a
means of further specilying tho critical physical parameters
controlling discrimination of ndor intensily.

The sccond part of the investigation councerned the scaling
of odor intensity under caaditions of self-adaptation, M-pro-
pancl and a-pentanol were chosen for study. A group of 19
subjects scaled each of these odorants after being cxposed to
an adapting stimulus which veried in intensity and duration
on to session. The psychophysical functions in-
creased in steepness under cdaptation conditions and, as ex-
pected, iucreases in the intensity of the adupting stimuli led
to increases in the steepness of the functions. Of more im-
portance was the finding that thie psychophysical functions
changed very littie as the gubjedts exposure lo any fixed
adapting concentration was increased from threc to as many
as fiftecn breaths, 'These results'suggest that the decrease
in suprathreshold intensity which dceurs with increasing du~
ration of exposure to an adapting stimulus has been overesti-
mated in the past, This overestimation has undoubtedly been
duc to a response bias inherent in thg time-course method
previocusly used to study the problem.l

The second experiment also provided evidence that the
subjective intensity of an adapting stimulus determines the
extent of seli-adaptation irrespective of- the odorant involved,
Thus, subjectively matched concentratio'qs of propanol and
pentanol were found to have equal self-adapting effectiveness.
The cvidence for this effect was overwhelining but could only
be seen when differences between the origiyal non-adaptation
psychophysical functions of propanocl and peytanol were taken
into account.

The last part of the investigation explored, cross-adapta-
tion between propanol and pentanol. Using the\ same basic
procedure as in the second experiment it was found that pen-
tanol has a strong cross-adapting effect on proganol, almost
as strong as the adapting effect of propanol on itgelf. How-
ever, propanol had only a small cross-adapting eNect on pen-
tanol. Thus, subjectively matched concentrations ﬁf the two
odorants were found to have quite unequal cross—ada{ting ef-

.

period of seven days and eggs laid after that did not contajy
Rahon residues. .

1. Rabon is 2—Chloro—1-(2,4,5-trichlomphenyl) vinyl d.
methyl phosphate, a product of Shell Chemical Company,
M $3.00; X $4.20." 79 pag,

~

fectiveness. The results strongly illustrate the asymunetry
effects of cross-adaptation within pairs of odorants, an asys
metry which must be congidered in any attempt to use (,r'J;-; |
adaptation as a basis for classification of odor quality.

M $3.00; X §7.40. 160 pup 1

‘/STABILITY OF CHLOROPHYLL AND DERIVATIVES
IN PROCESSED GREEN VEGETABLES

(Order No, 69-12,620) X (. 25

Daniel Leonard Fleischman, Ph.D.
University of Massachusetts, 1969/

Adviser: Dr. F. J. Francis

To prevent the degradation of green chlorophyll to brow. |
pheophytin during thermal processing and storage of purdi
green vegetables, an attempt was made to produce 2 large ‘
amount of the postulated more stable green compound, chis: ‘
phyliide.

In ordev to increase the amount of chlorophy!l to chlore.
phyllide conversion in spinach, a foreign source of the rakx
esterase, chlorophyllase, was added to the spinach puréer:
ture, in the form of beet greens, The beet greens, however
did not aid in increasing the amount of chlorophytlide proc.

When sodium phosphate was added as a buffering agent ¢
the final mixture adjusted to pH 8.0, an increase in the peo-
duction of chlorophyllide was noted over samples which wer!
buffered at different pH levels, or were not buifered, Mem
sium carbonate, in conjunction with the sodium phosphate
buffer, increased the chlorophyll to chlorophyllide convers.
rate. At a 1.Q0% sodium phosphate buffer level, an almost €.
amount of chlorophyll to chlorophyllide CONVersion was nel’
as at a higher buffer concentration, and was greater thana
lower buffer levels,

Ceriain surface-active agents, when added to spinach p-
exerted a protective effect on the chlorophyll within the
spinach. The agents prevented chlorophyll degradation atte
peratures up to 212°F, Hovever, the protective effect of L
agents was not evident at thermal processing temperaturesf‘
240°F, i

o er 12 woek storage period at 100°F (37.8°C.) intie¢.
the color of spinach which had been processed at 240°F, &%
buffering with sodium phosphate did not show much imprei:
ment over spinach purée which had no buffering agent, T:
dition of magnesium carbonate to the buffered spinach aid¥ |
somewhat in color retention. However, when the spinach
first been buffered and subjected to conditions which pro=-
chtorophyll to chlorophyllide conversion, the color retes-
after processing was much improved, This improvement >
noted after storage at 100°F, (37.8°C.) in the dark for 12%&,

o
¥

L

-
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/"f A
qne addition of the emulsifier Triton-X-100 to spinach

£ yrich contained a high proportion of chlorophyllide increased

ssamount of green color in the processed product, as noted
- avisual pauel. Lven spinach which did not contain chloro-
Lalide after processing, but did contain this emulsifier, had

=]

Tt
Ly sl

‘tly greener color than without the cinutsifier. This

g noted after the products had been stored for 12 weeks in
s dark at 100°F. (31.8°C.).

" frere was reason to believe that the sodium phosphate
sier improved the eolor of spinach net only by raising the
<[ of the spinich purée and increasing the amount of chloro-
;;';yll (o chlorophiyitide conversion, but also by tightly binding
rme chlorophyil and chlovophyllide to the spinach majrix.
[ns probably prevented some of the acids, produced during
s thermal procesis and storage period, from degrading the

s

: s.
vwken submitied to a taste panel, the sample with the mag-
sium carbonate and sodium phosphate buffer was preterved

§ »amajority over the sample which hod been processed with

2 ingredicnts added.

Ag attenmpl to convert chlorophyll i chlofuphyilide in
reas 2nd string beuans, both as purces, did not yield satisfac-
Lry results, M $3.20; X $11.25. 247 pages.

‘CATALYSTS OF LIPID PEROXIDATION IN MEATS
dicer No. 69-11,310) X $4. €0

Esizo-ping Liu, Pa.D,

¢ Tie Florida State University, 1968 4

.

Hemoprotein and non-heme ivon components are active
dalysts of lipid peroxidation. The behavior of these two

oratalysts under a nnwber of conditivns was compared as a
¢ asis for a wtudy of their activities in meats, In model sys-

o

tms, wetmyoglolin acceierated Hunleic acid peroxidation in
3l range trom 5.6 to 7.8; it catalyred especiatly rapidly at
Ngher pH. A complex of ferrous i and ethylene-diamine-
‘raacetic ucid [Fe(ll)-EDTA J--a nun-heme iron model--in
1111 ratio necclerated peroxidation ot lower pl: no catalysis

L ok place above pl 6,4, Most chelating agents eliminated

Fe(ll}-EDTA catalysis, but had no effect on melmyoglobin
@talysis, Reducing agents, on the other hand, accclerated
F(ID-EDTA catalysis but inhibited metmyoglobin catalysis.,
Other sulfur compounds with -S- or -8-8- groups showed no
tlect on cither type of catalysis.

In model systeing in which fresh dilute (1.27%; W/V) meat
homogeuate was the catalyst, the effect of the heme predomi-
Rled, je., the pH response wag similar to that in the heme
Qtalyzed model system and reducing agents generally inhib-
ted peroxide formation. Ascorbic acid was an exception; it
tcelerated oxidation at pH 5.6, The pattern of linvleate
Rroxidation catalyzed by heme free (H2Q -treated) beei ho-
?“genate and shrimp homogenate was similar to that in the
fell)-EDTA model system, especially when the homogenates
;"(’l‘e studied in more dilute Luffer systems where the che-
g effects of the buffer did not inteciere, Again, ascorbic
tid accelerated the catalysis and the acceleration could be
“iminated by adding chelating agents. The presence of a
“on-heme iron catalyst in meat tissue is thus indicated.

Evidence is presented for both types of catalytic activity
Ameats, In cooked meats, heme was the dominant catalyst,
&pecially at high pH values, but significant lipid oxidation,
apy ently catalyzed by a nou-heme iron type eatalyst, oc-
;"dl‘nd in cuoked meats in which the heme had been destroyed
“H.0.. In raw meats, lipid oxidation was inhibited at high
M because of removal of oxygen by enzymatic reducing sys-
_“‘ms, Both heme and non-heme iron were active at lewer pH
“alues, EDTA inhibited lipid oxidation during storage, pre-

sumably by its demonstrated effect on non-heme iron ca-
talysis. Ascorbic acid also inhibited lipid oxidation, probably
indirectly by keeping the heme pigment in the catalytic in-
active {errous state. M $3.00; X $4.80, 91 pages.

/EFFECT OF TEMPERATURE DURING
EARLY STAGE OT CURING UPON
CHEDDAR CHLEESE CHARACTERISTICS

a 2
(Order No, 69-0877) ¥ £ 800

Md. Abdul Hamid Miah, D.V.M.S., Ph.D,
lowa State University, 1968 4/

Supervisor: George W, Reinbold

From a survey of 19 commercial plants, parameters for
the experimental set up for studying the cffect of curd cooling
rutes on the final quality of Cheddar cheese were established,
Cheeses were manufuctured on a pilot plant scale according to
the experimental plan, A total of 15 lols were made, Of the ]
lots made with manufacturing-grade i 3 were high acid
cheese with milling acidities above 0,607 and 3 were normal
acid cheese with mnilting acidities from 0,55-0.667, The rv-
maining were made with grade-A milk. O1f these three were
made with a culture producing {fruity flavor, 3 with a culture
producing bitter flavor, 3 under ideal conditions, and 1 with
commercial culture and a beavy inoeubam of coliform crga-
nisms. Each lot of cheese was treated in four different ways
witlr 2 pressing times (4- and 20-hr) and 2 cooling rates (rupid
and siow), After 4 hr pressing, cue set of wrapped and scaled
blocks was immersed in brine task at 7.5 C for rapid cooling.
The other scl was stacked on a pallet in a curing room held at
7.5 C for slow cooling. After 20 hr pressiug cheeses were
treated similarly, Periodically cheeses were tested for towal
count, enterococcus count, gram-negative bacterial count, lac-
tose, glucose, galactose, pH, lactie acid, free fatty acids, and
proteclysis up to 3 months, Cheeses were judged after 3 wud
6 months.

Forty -pound blocks stacked in the curing voom at 7.5 C
took 150 to 480 hr to vool to 8 C or below. Immersing the
Llacks in brine at 7.5 C reduced the conling time to 25 to 60 hr,
Twenty-pound blocks required only 20 to 25 hr in brize and 135
to 185 hr in the curing room to cool to 8 C or below, No sig-
nificant differences were observed in total bacterial count,
enterococcus count, and gram-negative bacterial count due to
cooling rates or pressing times. However, high counts of ad-
ventitious microorganisms in raw milk favored their presencé
in chieese during ripening.

Lactose, glucose, and galactose were found to persist in
cheese beyond 40 days. Lactose content of rapidly cooled
.checses and 4-hr pressed cheeses were higher than those of -
air~cooled (slow) and 20-hr pressed cheeses respectively at
the 1% level of significance. Brine-cooled cheeses also con-
tained significantly higher amounts of glucose and galactose
thaw the air ceoled cheeses dufing all stages of ripening. The
air-cooled cheeses contained significantly higher amounts of
lactic acid, total free fatty acids and had low pH values during
all stages of curing. No significant differences were found in
the amount of proteolysis due to caoling rate or pressing time,

The air-cooled cheeses were more severely criticised for
high acid, fruity, and other flavor dgfects. Rapid cooling -
tended to reduce the flavor defects in cheese. These improve-
ments wére marked in cheese made with poor quality milk,
Rapid cooling did not prevent the development of bitter flavor
but it improved the body and texture. Color uniformity was

noticed in all brine-cooled cheeses, T
M $3.00; X $8.00. 175 pages.
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The Effects of Inorganic Ions on the Activity of Serum Cholinesterase
IXI. In vivo Studies with the Guinea Pig
Ed. Frommel, A.D. Herschberg and J. Piquet
Received January 20, 1944

Helv. Physiol. Acta. 2, 193-201, 1944

In a preceding woék (Frommel, Herschberg and Piquet [1]) we studied
modifications of the activity of horse serum cholinesterase in vitro.

In this way we have ascertained that a large number of inorganic ions
innibit this enzyme's activity and that others encourage enzymatic
activation. ‘

This study performed outside the living organism can only give partial
results. We have judged it necessary to complete our experiments with
;in‘viQO studies, in order to be able to develop more generalised statements.

We consider these studies to be of more practical value, becadse in
this case we can not only understand the direct toxic effect on serum
cholinesterase, but also the total effect on the whole organism with its
defense and equilibration faculties still intact.

We can also make more precise conclusions about the pharmacodynamics
of inorganic ions and the‘pathogenic mechanism of certain vagotonic
symptoms from intoxication by fhese ions,

. Another point deserves to be noted in this experimental series, it
is that the serums of the guinea pig and the horse do not always behave

in the same way with respect to certain inhibitors. We have been able
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to show recently (2) that histamine inhibits the hydrolytic capacity of
guinea pig serum, while horse serum cholinesterase is not influenced by
this amine, at whatever dosage used. |

Is the behavior of these different types of enzymes similar toward
inorganic ions? That is likewise the question which we seek to resolve.

Method

We used injections in guinea pigs, of various inorganic salts, and
we studied the concomitant changes in the serun cholinestefase.

Sgrum‘cholinesterase is very variable in the guinea pig from one
animal to another, but in the same individual is practically constant.

This is why we rejected the method of statistical comparison. Our
guinea pigs were tested before and after the experiment. We only attach
significance to the variations which were able to be verified in the same
animal.

Next we established the average individual variations, in brder to
ascertain the total effect of the injected medicine. )

We have shown in a preceding study (3) that the level of cholinesterase
in the guinea pig is subject to seasonal variations: This level is high
in the spring and in summer, and low in winter. We attributed tﬁis
variation to a deficiency in winter in the Vitamin C content of their food.
it also appears that cold likewise plays a part. For this reason the animals
were kepp at constant température and, received an identical diet. Our
experiments only lasted a maximum of 8-10 days for each series, an

insufficient period to bring about a variation in cholinesterase level due

to external circumstances. ' SR
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Blood samples were taken by a cardiac tap. They.rarely exceeded
1-15 cm of blood and were spaced apart at least 48 hours. We know in
fact that blood letting lowers the cholinesterase level, but recuperatidn
takes place in less than 438 hoﬁrs. The blood ié allowed to coagulate at
ambiant temperature and waits for the clot to shrink before putting the
blood in the refrigerator. The determination was never made much later
than 24 hours after taking a sample.

The determination was carried éut, as with the horse serum, by the
Hall and Lucas method (4).

The injected solutions were administered subcutaneously and rarely
intramuscularly. We never used the intravenous route.

The injection of some drugs gave rise to small cutaneous scabs,
incapable of altering the serum cholinesterase level.

Results

In order to avold repetition, we give our experimental ;esults ig the
form of a synopsis table that we discuss afterward.

As one can see from the table, the general reactions of serum
cholinesterase in the guinea pig take place in the same way as in our in
vitro experiments on horse serum.

On the other hané, one sees a definite quantitati;é difference.

These differences furthermore can be explained by rather simple facts.

A qumber'of organs are involved in the regulation of serum cholinesterase.
The most important of these organs is the liver. Certain authors
[Antopol, 5; ﬁutt. 6; Hawes and Alles, 7; McArdle; B; Vincent, 9] in fact

have shown that in cirrhosis of the, liver, hepatitis and jaundlce the

activ1ty of cholinesterase in the serum was lowered.



239

In addition, thyroid deficilency (Antopol, Tuchman and Shifrin, 10; Verle

and Stuttgen, 11), likewise entails a slowing down of enzymatic hydrolysis
of acetylcholine.

Eeyond doubt, in the toxicity by inorganic ions that we have produced
in the guinea pig, we have strongly disturbed the various functions of the
glandular parenchyre and have created anatomical problems.

To the direct action of the ion on choligesterase, which we have
establishgd in vitro, is now added the modification of this enzyme from the
organic injury of the viscera.

On the other hand, in other cases, the liying organism reacts by
neutralising the toxic action of certain ions by a mechanism that we
scarcely understand. One could postulate a neoformation of enzyme having
the reestablishment of the initial enzyme level as its purpose.

Finally we should mention some particular cases.

1, Divergences with in vitro experiments

NaBr. If we compare the results obtained in the in vitro experiment

on horse serum with the in vivo studies in the guinea pig, we find a definite

difference. NaBr is in fact a strong inhibitor of cholinesterase in horse
serum in vitro, while it accelerates that of the guinea pig in vivo.

It is the same for the double tartrate of Sb and N;. A slight
inhibitog in vitro, it is practically inactive on the serum cholinesterase

of the guinea pig in vive.

An invg;se action is found with CaCl2 which is an activator in vitro

and is an inhibitor in vivo. The same for calcium hyposulfite.

An analogous discrepancy is seen with injections of K9504 a slight

inhibitof in vitro, inactive in vivo.
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Table :--

“Guinea *Dose received CHE CHE Result .
Ions pig Weight in g/kg before after in % Average
Sodium hyposulfite £ 480 5% 0,50 2,77 3,45 +247 41
m 430 5% 0,50 1,84 2,93 +58 rala
Magnesium chloride m 410 4 x 1,0 2,40 3,60 +337% :
m 430 5x1g- 2,05 2,75 +347 +34,5%
| o 570 2x1lg 1,40 1,90 +367
Manganese chloride n 505 4 x 0,01 2,01 1,10 ~45% 179
. m 400 4 x 0,01 1,55 1,10 ~-29% oo
Aluminum sulfate m 540 2 x 0,01 2,45 2,44
m 480 3 x 0,01 2,60 2,05 -21%
m 500 4 x 0,01 02,93 2,51 -15%

*The injected dose was calculated according to Aberhalden (Handbook of Biological Work Methods 1, 7)

to' obtain the chronic toxicity for the ion studied.

6£¢
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Similarly manganese chloride does not seem to be active‘in vitro on
horse serum, but in vivo inhibits cholinesterase in guinea pig serum.

These various discrepancies are interesting. It is possible that
introducing certain ions in a living organism releases a number of compen-~
sating mechanisms. One of the mechaniéms which can be invoked in the case
of injections of Ca salts, is a liberation of K ions, which is a cholin-
esterase inhibitor. Does this reactiion exceed its purpose? That is what
we allow ourselves to surmise.

Tﬁe inverse is produced in the éase of injections of K salts,

But another hypothesis should.be examined: our experiments in vitro
were carried out on the cholinesterase of horse serum; those in vivo, on
fhe cholinesterase of guinea pig serum. But a number of previoﬁs studies
showed different cholinesterase reactions in various animal species.

In paéticular, there certainly exists a difference in behavior between
horse serum cholinesterase and that of the guinea pig, the more so because
the horse, contrary to the guinea pig, possesses a strong wvagus tonus.

Consequently, we have redone the study of the action of ions on guinea
pig serum. Guinea pig serum being extremely difficult to obtain in a
sufficient amount, we limited this verification to only two ions, Br and
Sb, because if we can accept equilibrium mechanisms for normal ions present
in serum (Ca, K), it is more difficult to‘pictufe analogous feactions fér

ions foreign to serum (at least in considerable amounts).

The study of cholinesterase in guinea pig serum gave us the following

results,

Bromide and sodium exert a proneunced inhibition on guinea pig

cholinesterase, just as that with horse serum. The'difference found between
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the in vivo and in vitro'studies does not reside therefore in a different
reactivity of the cholinesterases of dissimilar species, but must be sought
in a compensatory mechanism which occurs at the moment the bromide is
introduced into the living organism.

As for manganese chloride, neutral with the cholinesterase of horse
serum and iphibiting when injected in the guinea pig, it induces a positive
acceleration of cholinesterase when put in direct contact with guinea
pig sexum.

' Here, besides the compensatory phenomenon, it ié possible that the
difference in the origin of the serums comes into play.

These facts limit still further the general staﬁements that we have
made in this study, in the sense that the results obtained cannot be extended
to other species than those which we have studied. \

2. Experiments in reactivation. Nachmansohn and Lederer have pointed
out what we have already said repeatedly, that Caz+ ion reactivates
cholinesterase.

Seeking to determine the mechanism of the desensitization action of
some compounds used, for therapeutic purposes, we have been able to show
that ascorbic acid, for example (Frommel, Herschberg and Piquet, 3),
inactive with whole cholinesterase, returns its activity to cholinesterase
inhibited by various toxins. It is the same for Ca. We have been able to
show (15, d) that if one lowers the activity of guinea pig serum cholin-~
esterase by injections of Myosalvarsan (0.08 g/kg) one gets an enzyme
fall of about 70%. 1If one treats this guinea pig with simultaneoué injec~-
tions of calcium gluconate (0.40 g/kg) this lowering is only 357 on the

average.
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Calciun is therefore.a reactivatér of cholinesterase in vivo,
while at the same time in vitro, it returns its activity to cholinesterase
destroyed by dialysis,

Additionally, one sees that a éholinesterase relay exists in. the
desensitization effect of calcium.

3. Compounds studied uniquely in vivo or in vitro. Our experimentation
on the guinea pig was carried out with a certain number of ions not studied
in vitro. The reason fér this is that one can inject oily solutions in the
animal (phosphoric oil, bismuth oleate) which does not lend itself to in
vitro studies, which require colorless, aqueous solution. Contrarily, soma
ions cannot be injected in the guinea pig because of their great causticity,
such as silver nitrate, iron sulfate, etc. For all these compounds we were
obliged to settle for in Qitro experiments. |

The experiments for which we have just given detailed results have
apart from their purely theoretical interest, a practical interest, even
clinical in the sense that they appear to be able to give us the key to
the pathology of the symptoms of certain intoxications.

It is curious, for example, to show by analysing the manifestations
of lead poisoning, the major part of the clinical disturbances are the
consequences of a strong hypervagotonia (colic, spasms of the smooth
musculature, muscular problems). Now we have just shown that Pb is oné:
of the strongest inhibitors of cholinesterase, both in vivo and in.vitfo.
It is easy to imagine that the symptoms of vagotonia could appear when
acetylchoiine is no longer sufficiently destroyed bty an inhibited

cholinesterase,
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lMorecover, hasn't clinical therapy anticipated our experimental
demonstration by using atropine or adrenaline against lead poisoning
symptoms?

It is the same with antimony poisoning. The animal poisonéd with
massive doses of Sb shows copious salivation, nausea, vomiting, diarrhea,
asthmatic dysprea, and finally muscular asthenia terminating in death '
with violent convulsions.

Paralleling this clinical picture, the heart is strongly depressed
and the pressure falls. The heart ceases by stopping in diastole.-

But, this syndrome, which 1s that of an acute hypervagotonia, point
by point agrees with that produced by a massive intravenous injection
of acetylcholine.

On the other hand, if one takes the group of drugs called>”desensi-
tizers' which are therhyposulfites of Na, Ca or Mg and the salts of Ca
or Mg, we see that the entire group are cholinesterase activators as much
in vitro as in vivo. It is that finding which scems interesting to us,
and which contributes to the pharmacodynamics of these ionic mineral
medicines.

We recall that these activating ions, all of which have a considerable
effect on intact cholinesterase, exert a powerful effect above all on
cholinesterase which has been partially destroyed by a poison. We developed
these ideas in a preceding study (12).

In that way, we came upon ascorbic acid anoﬁher cholinesterase
reactivator. We showed in fact that ascorbic acid, probably a coenzyme of
cholinesterase, does not act on intact cholinesterase in vivo or in vitro,

but restores its former activity to previously inhibited cholinesterase.

T D
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It is in this way thaﬁ we have been able to show that Ca2t counteracts
the inhibition of cholinesterase produced by neocarsphenamine. The pro-
tective action of ascorbic acid against arspehamine symptoms can be
similarly interpreted.

Summary

Having established in a previous study that horse serum cholinesterase
is subject to functionzl modifications under the influence of certain
inorganic ions, we attempted to study the effect of these ions on
cholinestérase in vivo.

To this end, wé injected guinea pigs with inorganic salts, and we
measured the enzymatic activity of the serum (drawn off by successive
cardiac punctures), by the titrimetric method of Hall and Lucas, before
and after the injections,

‘Most of the ions studied inhibited the serum cholinesterase of the
guinea pig. The inhibition varied according to the ion or thé reactions
of each individual. :

Other ions were activators of intact cholinesterase, some finally
restored the activity of a previously inhibited enzyme.

In general, the results obtained paralleled those.of the first experi-
menfal series on horse serum in vitro.

On the other hand, we have found some discrepancies which we have
attempted to interpret either as a difference in the origin of the serum
or by a compensatory phenomenon produced in a liviné organism.

The practical interest in this group of experiments is to contribute
some explanations for the pathogenesis of certain vagotonic symptoms of

.

acute or chronic poisoning from the therapeutic use of various inorgdnic-ions.
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Effets des ions inorganiques sur Pactivité
de la cholinestérase sérique

11. Ttudes, in vivo, sur Ie cohaye

Par T Frommel. A. D. Herschberg et J. Piquet

Reen e 20 janvier 194 -

Dans un précédent travail (Frommel, Herschberg et Piquet [1]) nous avons
ctudié lex modifications de Factivité de la cholinestérase du sérim de cheval
in vitro. Nons avons ainsi pu constater quun grand nombre d’ions inorga-
niques inhibent Iaction de ce ferment et que d'autres jons entrainent une
activation enzymatique.

Cette étude faite hors de 'organisme vivant ne pouvait que donner des
réeultats partiels. Nous avons jugé nécessaire, afin de pouvoir tendre vers
des constatations plus générales, de compléter nos expériences par des essals
n vivo,

Nous attribuons & ces essais une plus grande valeur pratique qu’a la
premiére série, car dans ce cas nous pouvons connaitre non seulement Veffet
direct du toxique sur la cholinestérase sérique, mais encore I'effet global
de ce toxique sur un organisme conservant intactes toutes ses facultés de
défense et d'équilibration.

Nous pouvons également tirer des conclusions plus précises sur Ia pharma-
cadynainic des ions inorganiques et le mécanisme pathogénique de cértains
symptomes vagotoniques des intoxications par ces ions.

Un autre point mérite d'étre signalé dans cette série expérimentale, c’est
que les 'sérums de cobaye et de cheval ne se comportent pas toujours de la
méme maniére vis-a-vis de certains inhibitenrs. Nous avons pu montrer ré-
cemment (2) que D'histamine inhibe le pouvoir hydrolytique du sérum de
cobave, alors que la cholinestérase sérique ducheval n’est pas influencée par
cette amine, quelles qu'en soient les doses utilisées. Le comportement de ces
enzymes d'espéces différerites est-il identique envers les jons inorganiques?
(est également Ja question que nous avons cherché 2 résoudre.

Méthode

Nous avons pratiqué des injections de divers sels inorganiques & des cobayes et
nous avons ¢tudié les variations ennenmitantes de la cholinestérase sérique.

La cholinestérase du sérim de cobaye est trds variable un animal & Uautre, mais
est pratiquement constante ohls un mame indi-ida, .

SIoegs
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.
C'est pourquoi, nous rejetons la méthode de travail par comparaison statistique,
Nos cobayves ont ¢té testésavant et aprésllexpérience; nous n'attachons d'importance
qu'aux variations pouvant étre constatées chez un méme animal, .
T'uis nhous avons établi les moyennes des variations individuclles, afin de constatep
'aetion globale du médicament injecté. . i
Nous avons monteé dans un travail précédent (3) que le taux de la chiolinestérase
chez le cobave subit des variations salsonnitres: ce taux est haut an printemps et en
été, il est has en hiver. Nous avons attribué cette variation & une déficience hivernale
en vitamine C alimentaire. It semble gue le froid joue ¢galement un certain role, Ce
sont les raisens pour lesquelles les animaux furent gardis A une temudrature cons.
tante ¢t regurent une nourriture identique: nos expéricnees ne durdrent pour chague
série quiun maximum de 8-10 jours, périnde insuffisante pour entrainer une varintion
du tany cholinestérasique due & des virconstances extéricures. o
Les prises de sany furent {aites par ponetions cardinques. Blles ne dépassaient que
raremnent 1-1,5 cem de sang ot étaient espacdes 'au moins 48 heures. Nous savons
en effet que la saignde baisse e taux de la cholinestérase sérigue, mais yue la réeupé.
ration se fait en moins de 24 heures, On ldsse le sang se compruler &l temnplrature
ambiante vt on attend que le eaillot se rétracte avant de mettee I sang A la glaciére,
Le dosage s a jamais été fait plus tard que 24 heures aprés son prélévement.
Le dosage fut pratiqué, comme pour le sérum de cheval par ta méthode de Hall
et Luews (4,
Les solations injectées furent administrées par voie sous-cutande, rarement par
voie int ra ouscnlaire, Nous n'avons jamais utilisé la voic intra-veineuse, .
Liinjection de certaines drogues 2 donnd licw & de petites eschares cutandes, in-
capibivs de n.odifier le taux de’la cholinestérase sérigue,

Résultats

Afin <'éviter les répétitions, nous donnons nos résultats expérimentaux
sous forine d'un tableau synoptique, que nous comnenterons ensuite.

* Ceeene®y OCHT CHE  Résulta
Tons Co- Poids Dose regue y CHE (;H\L ésultay Moyenne
bayve eng'ky avant aprés en 9y
. Anions
Bromure de sodium . m 340 3 x 050 . 230 2,67 120,
m o 355 S5x0060 250 3.0 rago, 417%
m 480 A% 050 235 250 =149
Imjpm desodium . . m 340 4x020 2,14 1,52 —209, —98%
Com 525 4x020 216 133 =279 ‘
Hyposulfitedesodium {480 5% 0.50 277 347 +24% 410
) ! m 430 SX050 184 293 +58%

*) Les doses injectées furent caleultées dlapres Abderhalder (Handiuch der
louischen Arbeitsmethoden, 5. 7), pour obtenir une intoxication chronigue jar Lo
[al 4 bl 3 .

dtudic,
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; . ! . . . .
G- ) WO TC *y 00 3 i vast]ts
L qons Co Poids Dose reque*y U1 (,I‘..L Ramlt,at. Moyenne
baye en g/kg  avant aprés  en G N '
e IO
; )Iyos(ﬂ\‘:l!‘S;lH‘} e 5200 ot 205 130 =369, -0
moo580 4x00F 341 160 —310, v e
w9200 G u0d 3150 usr =TT, s
’ mo.oa60 G004 340 127 —610,
j Tartrate double de Xb
i’ et K. A ou 30003 1,85 130 307 160
! mo 480 3x 0003 180 185 — 29, b0
i Tartrate doublede Sh
: CENR L L L. m 6 G002 Lud o Lo 30, o
, mo 460 Ba002  Lus o Loz - e, o
: Hutle pliosphorces) | { Gl 2> L eem 258 Lot —30.5Y, 0
f da o 2o leem ABS LIS =32 %
b Boate de sodinm . mo 360 20,300 3,98 350 1257,
! m 120 30800 362 234 34",
i “ . -
» moOBNO $a0300 8305 2755 —31v,
i
! Cations
¢ Chlorure dammo-
nium®) . . . mooAS0 45 005 1,83 233 —29, o
; Mmoo oBy 42003 246 282 100, T 13%
Poxudfate de dithinm L m Gl 4003 Lo L33 --179, o
. L
mo oGSy 4003 P43 120 1Ty, B
Mifite de potassivm m 3300 20300 243 280 -— 39,
: f 430 3x080 300 3lo - 3o,
} " » f 380 4o 2600 274 -~ 3¢,
3 Hyprsudite de Cal- '
{ i, L L L L Lo B800 33,200 087 086 0
mo 340 30200 198 Lo —=13v, — 39,
. m o 4oy 3IxX0,20 0 L2000 Losy o -1,
atactogluconate de .
Calejum , ., L f 5400 5y 040 3100 3,27 ~ 3% °
- - '1- D
{510 5x040 2,70 28T+ 59 T 2w
Pllorure de Caleium . moo4st 40300 257 163 =369,
o . 207 — 9350
w585 4000 L8O L2 —35%, 33:5%

*
)_I, Vevaces tayieserdanrn Lrpstr s gos 5 * Ny
s a3 doses injectées furent caleulées dlaprés Abderhedidcn (Handbuch der bio-
cettsehe ; . . . . . Lo ed . » . . N
""ﬂi"(“ Arbeitsimechoden, 7, 7). pour obtenir une intoxication clhironique par U'ion
MG, . )
1) )
¢ Myvosalve v . N : i
Le Myosalvarsan est une variante du Novarsénobenzol, injectable par voie
nuseaiagre,
3 “huil N . .
N < uile phosphorte du Codex, que nous avons emplovée, est une huile de vase.
U hnide contenant, en seluli 73-0,5239 Jde §n
TR PRI l «’n ,A‘I'u.mn. 0.4.:.’) (),(x_.:,.u_gxf [)I}nspll()!‘('. ,
pHodu sérum de cobayes traités par los injections de chlorare dammonium

i, s Co ya . , .
Serntopas de el o animuix emoins,

6¢¢
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Co- .1 Dosercgue*) CHE CHE Résultat o/ -
. B N
Tous baye Poids en g/kg avant aprés  en 9 HOyente
Chlorure de Magne- ’
giam. . . . . m 410 4x1,0 2,40 3,60  +33% »
’ m. 430 Hxlg 2,05 2,75  +34Y, -+34,5%
. m 570 2xlg 140 Ly 4369
Hyposulfite de ' ;
magnesium. . . . m 410 3x1,0 L,od 1,9 — 1Y% - 5%
m G40 3x1,0 1,66 1,8 4119, 7
Chlorure de baryum m 380 4x0,01 237 170 =209% . gq0
m 440 3x 001 182 1,71 — 99, o
Sulfate de zine . . . { 495. 2%0,075 380 351 — 8%
f 850 3x%0075 355 254 —19%
£ 520 4x007 179 —469,
Chlorue de nanga.
NeSe . . . . . . . m  B05  4x001 201 Llu —% _ a-0
m 400 4x0,01 b3 LIv =299 o
Acetate de nickel m 230 2x0,01 283 268 — 8%
m 400 3x001 290 245 + 29 .
m 330 4x0.01 493  3.00 4 29
Chlorure stunneux, . f 430 2x%0,01 3,62 3,05 —167
: f 500 3x0.01 330 275 —189
1 380 4 x0.01 400 199 =509,
Sulfate dnminium.  m 540 20,01 245 244
m 480 3x0,01 260 205 —219%
m 500 4x001 2938 251 —13%
Proteinate dlargent o 560 2% 0,05 186, 103 —159,
' f 340 3x003 377 2,30 -—~39%
{610 4x0,03 380 159 —5Y%
Myorally . . . . .. i 365 530015 412 206 —30%
m 575 5x0015 3,22 269 —16% —i0%
m 530 5x00156 430 206 —535%
Acetate do i
Pbetriéthyle . . . f 720 2x001 337 1,50 —56%
£ 560 2x0,01 2,80 1,35 —32% —49%
£ 440 2x0,01 3,20 200 —389
Splfate de cuivee . . m 480 4001 I142 095 —BI% o0
: m 370 4x001 136 1,28 — 69 :
— . U g

*) Les doses injectées furent caleulées dlapres Abderhalden (Handbuch der *3_“"'
logischen Arbeitsmethoden, ¥, 7), pour obtenir une intoxication chrunigue par 108
étudié, '

A . . - o ietrd
4 Le Myoral est un composé auriyue en solution huileuse injertable par voie intras

musenlaire. Sa formule chimique est: aurothioglycolate de Ca, et sa tencur €2 A‘{'
G4,169%,. X

-

AR
Tous fnorganiques ¢t activité de la cholinestérase. . 197
Co- o . sereque®) CHE  CHE  Résult: .
Tons Co- pis Dosc regue yCRY (‘li‘l \(.su(iFlt Aovenne
bay en wky avant apres  en@ y
Sublimé . . . . .. f 500 2x002 2,20 1.83 —17% — 460,
£ a0 20,02 344 088 -=73%
m 630 3 w6002 933 mort
m 830 3x0u2 220 mort
Merfen®) . .. o0 . om 4700 Bxteem L2400 074 % 490
m 560 3 xleem 1,79 140 —22,59, m0
-~
Qléo-Bi%. . .. . . GO0 5 leewm 294 148 =534, 5
[ 680 S xleem 258 L7000 =359, o
Esfrine mo3300 2000003 355 083 —T6% o
mo 420 300005 3,848 LIS —6329, o

*} Les doses injeciies furent caleulées dlaprés Abderhalden (Handbuch der bio-
logischen Arbeitsmethoden, 7, 7), pour obtenir une intoxication chronique par Pion
¢tudie,

5 Le «Merfen» est un produit désinfectant du commerce, dont la formule est:
borate de phényvi-hydrargyre. Nous avons utilisé ce produit afin de ¢comparer Paction
d'un Hg organique avee celle d'un Hy mindral (sublimeé). Sol. aq. & 29%,.

&) Lolto-Biest un vicate de bismuth. titrant 0,012 g bar cem.

Discussion

Comme on peut fe voir sur le tablean, Ies réactions générales de lacholin-
estéruse sérique du cobaye se font dans le mée sens que dans nos expé-
riences in vitro sur e sérum de chevall

Pur contre Uon assiste & de nettes différences quantitatives, Ces différences
quantitatives peuvent d'ailleurs étre expliquées par des faits assez simples.
Nunibre d'organes interviennent dans la régulation de la cholinestérase
sérique, Le plus important de ces organes est le foie. Certains auteurs
{(Antopol [5), Butt {6], Hawes ot Alles [7], MeArdle[8), Vincent [9]) ont en eifet
constaté que dans les cirthoses du foie, les hépatites et les icteres, il y
avait une baisse d’activité cholinestérasique dans le sérum.

Par ailleurs, les insufflisances thyroidienues (Antopol, Truchman et Shif-
rin [10], Werle et Stittyen [11]), entrainent également un ralentissement de
‘l.hy(lwlysc enzymatique de Pacdtylcholine.

Dunis Tintoxication par fons inorguniques que nous avons produite chiez
{’:‘ cobaye, il est hors de doute que nous avons perturbé fortement le fone-
Honnement des divers parenchynmes glandulaires et que nous avons eréé des
troubles anatomiques. »

A Paction directe du fon sur la cholinestérase, que nous avons constatée

" . .
oy .

fvitro, vieat sejouter done Ja modification de ce {erinent par Iésion orga-
Sgne des visedres,
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Palf contre, I'organisme vivant réazit, dans d’autres cax, en neutralixgn
par des mécanisies que nous ne connaissons que mal I'action toxique de
certains ions. On pourrait supposer une née-formation de {orment, ayant
pour but de rétablir le taux enzymatique initial.

11 nous faut enfin mentionner quelques cas particuliers:

1. Divergences avee les expériences tn vdro

BrNa. 8i nous comparons les résultats obtenus dans Uexpérience in vilio
sur e sérum de cheval avee ceux des essals in vivo sur cobayes, nous con-
statons une nette différence. Bn effet, Je BrNa est un inhibiteur puissantdels
cholinestérase du sérum de cheval in vitro, alors qu'il aceélére celie du co-
haye in vivo.

11 en ost de éiae pour le tarteate dudle de Sb et Na. Léger inhibiteur i
vitro, il est pratiquement inactif sur la cholinestérase du sérum de cobaye
in vivo,

Une action inverse peut étre constatée avee le ClLCa, qui, activateur in
vitro, est inl.ibiteur in vivo. Idew pour I'hyposilfite de Ca.

Une discordance analogue se révdle avee les injections de SO, inhibi-

teur Wpér i vitro, inactif in vivo.

De mée, le ehlorure mangunewe ne parait pas avoir d'action in vitro sur
le sérinn de eheval, maisinhibe, in vivo, Ia cholinestérase du sérumde cobaye.
" Ces guelyu s divergences sont intéressantes. 1 est possible que Uintrodue
tion de certuins ions dans un organistuce vivant déclenche de nombreus
mécanisme s compensateurs. Un de ces mécanismes, que Fon peut invoyguer
duns e eus des injections de sels de Ca, est une libération de fons K, (il est
mn inhibitenr de la cholinestérase. La réaction dépusse-t-clle Je but? Clest
c¢e il nons est permis de supposer. '

L'inverse se produirait en cas d'injections de sels de K.

Mais wie autre hypothdse doit.étre examinée: nos expériences in vitre
portent sur une cholinestérase de sérum de cheval; celles in vivo, sur unt
cholinestéres» de sérum de cobaye. Or, de nombreux travaux antérieet
montrent los différentes réactions des cholinestérases de diverses esptees
animales. En particulier, il existe certainement une différence de comporte:
ment entre les cholinestérases sériques de cheval et de cobaye, dautant
plus que le cheval, contrairement au cobaye, posséde un fort tonus du vagut

Nous avons par conséquent refait I'étude de I'action ionique sur le sérus
de cobaye in vitro, Le sérum de cobaye étant fort difficile & obtenir ¢
quantité suffisante, nous avons A4 limiter cette vérification & deux 103
sculement: le Br ¢t le 8, car si nous pouvons admettre des mécunism'-:-c
équilibrateurs pour des ions normalement présents dans le sérum (Cu,‘hi:
il est plus difficile de s'imaginer des réactions analogues pour des 16+
étramgers au sérum (du moins en quantité notuble). ¢

s
s
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1oétude de ln cholinestérase du sérum de cobaye pous a donné les résultats
pivants:

Le broaaire de sod o exere? une inhibition prenoncée surla cholinestérase
du sérum de cobaye, tout comme sur celle du sérum de cheval. La différence
constitée entre fes exssads in vive et in vitro ne réside done pas en une dif-
orente réactivité dos cholinestérases dCespoees ¢loignées, mais doit élre
recherchée dans un mécanizme compensateur qui se produirait lors de Vin-
sraduction de bronave dans un organisie vivant.

(Junnt an chlorure de mongapese, indifiérent sav Lt cholinestérase du sérum
doeleval ot inhibitewr eninjection wu cobave, 1 provoque nne certaine ac-
Slirtion de Jaeholinetorase quand 3l est nis eneontaet diveet avee le
sirtim de cobaye,

I !

outre Jes p
Jovigine des &5pumis cntre en jou,

(o faits Bmitent encore davantage les constatations géndrales que nous
avons faites dans ce truvail, dansle sehis que les vésultuts obtenus ne peuvent
e ctendus sansantre aux espéees autres que celles que nons avouns ¢tudides.

oY, /ll"/'l:(‘li(,'(’.\" de reuctivalion
Naelnesohn ot Lederer ont indigué, conmue nous Tavons déja dit 4
est un réactivareur de la chiolinestérase.
Cherehant & déterminer le méeanisime de Paction «désensibihisantes de

slusieurs veprises, que Flon Ca

sertains corps atilisés dans ce but en thérapeutique, nous avons pu montrer
e Paeide ascorbique par exemple (Frowmel, Heeselhiberg ot Prgueet [3]),
sur une cholinestérase ntacte, vemduit son activité & une cholin-

wons pu constater (19, d) que st on baisse Tactivité de la cholinestérase
“rigue du cobaye par des injections de Myosalvarsan (0,08 g:kyg) on obtient
e chute fermentaive de 709, environ, Si Pon traite ces cobayes par des
f!fju-tions simultandées de gluconate de caletum (0,40 g7kyg) cette baisse n'est
mus que de 30%, en moyenne. '

Le calcium est doue un réactivateur de la cholinestérase in vivo, tout
“omme il rend, in vitro, son activité & une cholinestérase détruite par dialyse.
. Accessoirement, on voit quil existe un relai cholinestérasique dans Pac-
ion désensibilisante du caleium,

3. Corps ctudics uniquenent tn vivo ow in eilro

ofre expérimentation sur cobayes porte sur un certain nombre d'ions

Lo 6 . . . I .
‘ ; <n:«{u < in vitro. La raison de ce fait est que chez Panimal on peut in-
‘ traes solutions huileuses (huile phosphorée, oléate de bisinuth) qui ne

Pretent pas A étade in vitro, qui néeessitent des solutions aqueuses in-

"'):(gv-,., ’ . . N ..
Ores, Ty ersément, cortains lous nlont pax puoctre injectés aux cobaves

fnomenes cotnpensidtenrs, il ezt pussible que Ta différence’

6¢£¢
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A cause de leur grande causticité, comme le nitrate d'argent, le sullate
fer, etc. Pour tous ces corps, nous avons dit nous contenter des expcrlen\e\
in vitro.

Conclusions . :

es réxx:lmts dit;

venons

Les expéricnces dont nous de
en dehors de U'intérét purement théorigue, un
chmque dans le sens gu'elles semblent devoir nous donner Ia lé de Iu pa uho-
génie des symptomes de certaines intoxications.

11 est curieux, par exemple, de constater en analysunt Ies manifestations

de Vintoxication saturnine, que la majeure parho des troubles cliniques sont

e gt

des conséquences d'une forte hypervagotonie (coliques, spasmes de Ju s -

culature lisse, troubles nmsculdue.s) Or, nous venons de montrer que le Pl
est un des inhibiteurs les plus puissants de la cholinestéruse, tant in vivo
qu'in vitro, On imagine facilement que les s\’ml)tumcs vagotoniques pmcse
apparaitre, lorsque Nacétyleholine west plus suffisamient détruite par
cholinestérase inhibée.

Dailleurs, la thérapeutique clinique n'a-t-clle pas devancé notre admon
stration e\pu'mmnt.xlo en utilisant contre les aceidents saturnins I'atroping

ya Padrénaline

Il en est de méme danslintoxication stibiée: Nanimal intoxiyné par des
doses massives de Sh présente une = salivation abondante, des nausées, das
vomissements, de la diarrhée, une dyspnde .Asth.nntnoxnu:.‘Jmm unea
nnisculaire aboutissant & Ia mort duns de violentes convulsions,

Paralltlement & ce tableau clinique, le coour est fortement dcpnmc
tension tombe, Le cceur finit par s'arréter en diastole.

Or, ce syndrome, celui 'une hypervagotonic aigué, se superpose point
point & celui produit par une injection massive intra-veineuse diacéty: -
choline.

D’autre part, sil'on prend la série des médicaments dits «déscnsibilisants
qui sont I'hy powlflte de \a, de Ca ou de Mg, les sels de Ca ou de Mg, o5
voit que toute la série est activatrice de la chohm.stua\e tant in vitro qu g
vivo. (Pest 14 une donuée qui nous paralt intéressante ct qui coutribue 3 2
pharmacodynamie de ces médicaments ionigues minéraux.

Nous rappelons que ces ions activateurs, tout en ayant une 2
sur la cholinestérase intacte, exervent une action puissante .suuout sur U=
cholinestérase particllement démolie par un toxique. Nous avons déve lopp*
ces notions dans un travail 1 précédent (12). .

Par 14, ils s’approchent duu autre réactivateur de la. chnl‘wc%*"”ﬂf“’

Pacide ascorbique. Nous avons en offet montré que Pacide ascorbigues ©
ferment pwln.blc de la cholinestérase, n'agit pas sur la cholinestérase ’“'
tacte, in vivo et in vitro, mais rend Pactivité premiére i une cholinestdrs
préalablement inhibée.

I
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(Cest ainsi que nous avons pu montrer que le Ca™ ' s’oppose & Uinbibi-
. 1 N ’ N v -’ .
tion de Ia cholinestérase produite par le Novarsénobenzol. L'action protee-
erice de ncide ascorbique contre les accidents salvarsaniques peut étre
interprétée de la méme manicre,

Résumé

Ayant constaté, dens un puudmt trav axl quc 11 cholinestérase sérique
z:%fh‘"l‘(t de certains
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\-‘-mii::v.\-\(,mw in
A entte Thg nens avons mjcc{c des sels inorganigies & des cobayes, et
szvinatique du séram (xuch-\'n pur poncsions

Hall et Lucus,

waus avous mesnrd aetivitd 1
candingues successives), par la méthode titrimétrique de
avant et apres les mjections.

La pthn't’ o lum dtudids dennent nue inhibition de la L'hul'ncmcx ise
sérique du cobaye, inhibition variable suivant les lons et .Sdl\"'nu les réac-
tions de ¢l BQue Tndividu,

Dlautres jones sont activateurs de la cholinestérase intacte, quelques uns
enfin vétublissent Paetivité Cun ferment préalablement inhibé,

Ln géndeal, les résultats obtenus sont paralléles & cenx de fa premicre
St r 1« (L .

Par contre nous avons cvonstaté certaines divergences que nous nous
sormies efforeés dlinterpriter

expérienves, sur e sérum de chieval in vitro,

, s0it par Ju différence dorigine des sérums,
it par des phénomanes wmpcnsut«urs se produlsant dans un organisme
\L\u‘

N zzm-l‘(‘L pratique due cette série expérimenta de est d appurter quvlqu(w
ircisseinents a Lo pathogénie de certains symptomes v

.
o

agotoniques des
itoxications wizues ou chroniques par divers jons inurganiques einployés
i thérapeutigue,
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Determination of Calcium and Magnesium
in Serum, Urine, Diet, and Stool by Atomic
Absorption Spectrophotometry

Elizobeth G. Gimblet, Amy F. Marney, and Roy W. Bonsnes

Atomic absorption spectrophotometry was evaluated as a method for the determina-
tion of calcium and magnesium in serum, urine, diet, and stool, and was found a most
suitable technic for a large clinical chemistry laboratory. '

A.To:\uc assorprioN was developed by Walsh and his associates (1) as
an analytical technic applicable to the determination of many metals.
Willis (2—£) found that this technic was applicable in particular to the
determination of caleium and magnesium 1 serum and urine. These
published results indicated that atomic absorption spectrophotometry
would be a simple, rapid, and practical method for the determination
of calcium and magnesium in biologic meterial, particularly in sernm
and urine, and that it could be adapted effectively to the needs of a
clinical chemistry laboratory. After evaluation, we have used atomie
absorption spectrophotometry for routine determination of calcinm and
magnesium in serwun and urine since November 1962. ‘

Since our studies of this technic began, several reports have appeared
on the determination of caleium and magnesium in biologic materials
(5-12), indicating considerable variation in the methods used. Thus, it
secms appropriate to publish the procedures we have found useful for
routine determinations of these elements, not only in serum and urine,
but also in diet and stool.

Instrumentation

The instrument used in this work, and still in routine operation, is
the Perkin-Elmer Model 214 atomic absorption spectrophotometer (23),

From the Laboratory for Clinical Chemistry, The New York Hospital, and the Chemistry
Laboratory of the Department of Obstetrics and Gynecology, The New York Hospital and
Cornell University Medical College, New York, N. Y. 10021,

Some of the data on the determination of serum magnesium are from a dissertation in 1962
by the senior author in partial fulfillment of the requirements for the degree of Master of Arts,
Hunter College, New York.

Received for publication Sept. 2, 1966; accepted for publication Oct. 27, 1966,
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connected to a Sargent Model SR recorder. All data recorded were col-
leeted with the burner deseribed by Slavin (74). A lean acetylene-alr
flame has been used for all analyses. The air compressor used supplies
oil-free air. Both calcium and magnesium are determined with the use
of hollow cathode lamps. The 4996-A calcium line and the 2852-A mag-
nesium line are isolated with the monochromator of the instrument set
to a spectral slit width of about 300 . The settings of the instrument
for the burner, the hollow cathode lamps, and the external recorder
depend upon the particular components used. Some details on these
components with respect to the determination of calcium are reported
by Slavin et al. (13). '

In general, the difficulties encountered with the instrument, including
the burner, have been no greater than those an experienced laboratory
worker might expect with any laboratory instrument or apparatus of
equal complexity. Operation of the instrument ha% heen largely trouble-
free. .

The slot of the burner, which is 0.020 in., tends to become constricted
slightly when sera are analyzed. Currently, 27 = 9 sera are analyzed
for caleium and roughly 2 = 2 for magnesium each day the instrument
is in use. Under these operating conditions and with the diluents de-
seribed, the burner is cleaned once a day. Jow many more sera could
be analyzed without the burner’s requiring cleaning remains to be de-
termined. '

-Standards and Samples

Calcium carbonate (Mallinckrodt’s Primary Standard) dissolved in
concentrated TICI served as the stoek standard for caleium. This stock
solution was diluted appropriately to obtain the working standards,
made up to contain the equivalent of 2.5, 5.0, 7.5, 10.0, 12.5, and 15.0
mg./100 ml. in & 1:10 dilution of serum. .

Magnesium turnings (Mallinckrodt) dissolved in eoncentrated HCl
served as the stock standard for magnesium. This stock solution was
diluted to give working standards equivalent to 0.5, 1.0, 2.0, 3.0, and 4.0
mg./100 ml. magnesium in a 1:25 dilution of serum.

Methods and Results

.

Calcium
fn Serum
To measure the accuracy with which caleium could be determined in
serum and urine by atomie absorption spectroscopy, both comparison
- and recovery studies were carried out. For serum calcium, Willis (2)
" deproteinized the serum with trichloroacetic acid. He also reported that
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reasonably aceurate results could be achieved when serum was simply
diluted with cither water or 1% (w/v) XDTA. To achieve maximum
accuracy with only water as the diluent, he found careful flame adjust-
ment necessary. Sinee we were seeking the simplest procedure, requir-
ing the least manipulation and the fewest steps, we used 1% EDTA as
the diluent.

To determine serum caleium, 0.5 ml of serum is diluted with 4.5 ml
of 1% EDTA. With this diluent, 100.1% of calcium added to serum (5
saniples) was recovered. The coefficient of variation (V) was 1.6%; the
standard deviation of the sample(s) was 1.62; and s* was 2.62. These
values compare favorably with the 100.1% recovery 1eported by Willis,
with V' of 1.9¢ (calculated by us).

To test the relative accuracy of the method further, serum calecium
was determined on sera which had been submitted for routine analysis
and which constituted a representative sample of abnormal sera; values
obtained by atomic absorption were compared with those obtained by
oxalate precipitation and permanganate titration as deseribed by Clark-
Collip (76) (a modification of the Kramer-Tisdall method (17) for the
chemical determination of caleium). If both methods measure serum
caleium with the same accuracy, the value obtained by atomic absorp-
tion spectrophotometry (y) shounld equal the value obtained by the
oxalate-permanganate method (a). With perfect correlation the best
straight line to fit the data would have a slope of 1.0 and an intercept
of 0.

A series of 56 determinations was run by both methods, on 10 differ-
ent days. The number of determinations per day was 5 or fewer on 7
days, and 8, 9, and 15, respeectively, the remaining 3 days. :

To reduce the amount of caleulation, 28 of the parallel sets of deter-
minations (or every other one, beginning with the first), were used for
statistical evaluation. The straight line which best fit these data is de-
seribed by the equation ¥y = 0.55 + 0.95 x, where y is the value obtained
by atomic absorption for serum calcium and x the value by the oxalate-
permanganate plocedule The deviation of the ‘slope from 1.0 and the
intercept from 0 is not significant, since t, is equal to 1.565 and t, is
equal to 1.267, the critical value of tiz with 25 degrees of freedom being
equal to 2.787. The standard deviation s, is 0.345. There Is no signifi-

cant difference between these data and those of Willis (2). These sta-
tistical data are presented in Table 1; the statistical pm'ameters on
Willis’ ddta have heen calculated by us.

The differences between the irdividual determinations in the whole
set of 56 parallel determinations have been evaluated in another way.
It is assumed that the oxalate-permanganate method gives the correct
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Table 1. Serun CaLcivat VALUES: CHEMICAL AXD ATOMIC ARsSORPTION (AANS) METHODS
Methods
Inter-
£ '} No. cept Slope 2 ta [ (2
PRESENT INVESTIGATION
Chem. AAS-
EDTA 28 0.53 0.953 0.345 1.565 1.267 2.056
wiLLis (2)
Chemr, AAS* 5 0.14 1.006 0.663 0.383 0.016 3.185
AAS-
EDTA AAS* a2 0.25 1.013 1.788 0.124 o — 2.086

*Serum deproteinized.

value; then the value obtained by atomic absorption is calculated as a
percentage of this value. With this approach, the values obtained by
atomic absorption average 101.3%, or 1.3% higher than the values ob-
tained by the oxalate procedure (Table 2). The standard deviation of
the differences is equal to 4.1%. The value for the significance of”the
difference between the two methods is 2.210. With 55 degrees of free-
dom the critical value of tix is 2.0002 and of ti 2.664. There is thus some
possibility that by atomic absorption using 1% EDTA diluent the
values for serum calecium are somewhat higher than those obtained by
the Clark-Coliip method. This diffevence is of no practical significance,
however.

In Table 3 a more extensive set of data is shown, comparing serum

Table 2. CarcitM DETERMINATION BY ATOMIC ABSORPTION, COMPARED WITH CHEMICAL METHODS

No. Recovery (%) Aeccuracy v

SERUM CALCIUXM

This study 5 100.1 — 1.60
Willis (2) 9 100.0 — - 1.93
This study 56 — 101.3% 4.43
Willis (2) 5 — . 99.61’_ : 5.42
URINARY OALCIUM
This study 4 96.5 — 3.96
Willis (£) 4 100.8 —_— 1.55
This study 17 -_ 99.6* 5.15
Willis (4) 15 — 100.7¢ 7.45

*Percentage in comparison with the oxalate gravimetric method.
tPercentage in comparison with the oxalate-permanganate method.
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Table 3. SErRUAr CALCIUM BY ATOMIC ABSORPTION AS COMPARED WITIH OXALATE-PERMANGANATE ;
. PROCEDURE

No. Serum _ ;
teats (ml.) Diluent z a i

38 0.5 45ml, 155 EDTA’ 100.1 +33
37 0.2 48ml,1% EDTA - 101.0 +3.8

caleium determinations Dy atomic absorption with those by the oxalate-
permanganate method.

The precision with which caleium can be determined, both by atomic
absorption using 1% KEDT.A as the diluent and by the classical chemieal
method, is shown in Table 4. V is quite small for replicate determina-
tions performed the same day, and is of the same order for both the
instrument procedure and the classical, chemical procedure. As might
be expected, precision calenlated from data collected over several days
with a pooled serum as a sample is not as good. The Vs for both meth-
ods are approximately 2.5 times as great as those obtained with repli-
cate determinations performed the same day. A V of this order with
the analyses performed on different days represents a quite acceptable
degree of preeision for this type of analysis.

In this regard, it is of interest to compare these coefficients of vari-
ation with those obtained for sodium and potassium by flame photom-
ctry with the Baird Associates flame photometer (18). These data are
shown in Table 5. V" for sodium and potassium, as well as for serum
calcium by the oxalate-permanganate method, was caleulated from data
obtained on pooled sera used in our routine quality centrol program.

Sinee we adopted atomice absorption spectrophotometry as the rou-
tine procedure for serum caleium, it has heen checked on two different
-occasions by the classical procedure of oxalate precipitation and per-

Table 4. Carciun PRECISION BY AAS AND OXALATE-PERMANGANATE METHODS

. Replication -
Concentration
Method Solution {(mg./100 ml.) Day

z
o
«

AAS Standard Same
AAS Standard Same

25 1.25
5.0
AAS Standard 7.5 Same
0.0
2.5

0.35
111 -
0.49
0.42 i
0.80
0.53
0.63
2.30
2.66

AAS Standard 10. Same

r AAS Standard 12. Same

R AAS Standard 15.0 Same

- AAS Serum 9.3 Same

OX-P Scrum 9.6 Same
AAS Serum 9.4 . Different
OX.P Scrum 9.2 Different

— bt )
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Table 5. PrECISION ¥YOrR SODIUM AND POPASSIUM IN SERUM BY FLAME PHOTOMETRY

Concentration No. of
dnalysis (mEq/L.) Replicates* \ 4
Sedium 141 5 2.58
Sodium 139 9 1.42
Sodium 137 8 2.63
Potassium 4.6 6 3.17
Potassium 4.8 8 1.37
Potassium 4.4 8 2.27

*Analvzed on Jifferent days.

manganate titration. In both instances essentially the same values for
accuracy were obtained as those above: the chemical procedure yiclded
results equal to 98.4 and 97.3% of those obtained by atomic absorption
spectroscopy. ’

In Urine

For the determination of calcium in urine, Willis found lanthanum
chloride—a 1% (w/v) solution—to be the best diluent of several tried.
This diluent seemed to climinate the interference from phosphate better
than did EDTA or strontium chloride. In preliminary studies with 1%
EDTA as the diluent (Table 6), recovery of calcium added to urine
appeared better than when 1% lanthanum chloride was used. However,
upon more comprehensive testing, dilution with 1% lanthanum chloride
(see Table 7) resulted in better agreement with the chemical procedure

Table 6. RECOvERY OF CALCIUM ADDED T0 URINE

Recovery
Diduent Tests (%) 1 2 \ 4
EDTA 4 L. 974 3.62 1.90 1.95
LaCl 4 96.5 14.62 3.82 3.96
S_l'Cla K 90.4 31.3 5.58 6.18

Table 7. AToMIc ABSORPTION vS. CHEMICAL METHODS FOR URINARY CALCIGM

. L. Ratio

Metheds compared* Ditusnt Tests (%) ‘8 . s v
AAS/0x-G LaCl 7 97.0 14.23 3.78 3.86
AAS/Ox-G EDTA 7 82.6 -— . — —
AAS/Ox-P LaCL 6 96.8 3172 552 5.80
AAS/Ox-P LaCL 4 100.8 33.42 5.78 5.73
AAS/Ox.P - LaClh 7 101.4 18.61 4.31 4.25
AAS/Ox-P EDTA 7 83.0 30.7 17.5 T 21.08

*Ox-G indicates the chemical oxalate, precipitation, incineration, gravimetric method; Ox-P,
the Taussky method (20). .
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than did dilution with KD TA. Thus our ﬁnal method utilized a dtlutlon
with 1% lanthanum chloride.

T\\o different methods were used for the chemical dctex mination of
urinary caleium. One is the classical macrogravimetric procedure in
which caleium is precipitated as the oxalate, isolated, incinerated, and
finally weighed as the oxide. This procedure was performed for us at
another laboratory (19). The other method is that deseribed by Taussky
(20), which is essentially an oxalate precipitation-permanganate titra-
tion procedure applicd after the urine has been extracted with chloro-
form, In our own evaluation trials of Taussky’s method, we were able
in 7 trials to recover 96.3% of the calcium added to urine. The coefficient
of variation was 3.06. i

Recovery data and accuracy tests for atomic absorption versus chem-
ical analyses are reported in Table 2, with comparable data from Willis
(£). '
In Diet and Stocl

The diets analyzed were duplicates of those fed to volunteer preg-
nant patients who were subjects for a metabolic investigation. The dicts
were planned to be adequate for optimum nutrition during pregnancy.
The stools were from the same patients.

For analysis, diets are first homogenized; samples of the homogenate
are placed in weighed platinum dishes and then weighed. They are par-
tially dried at 90°, then dried completely at 130°. The dried material is
ashed at 550° in a Thermolyne 2000 furnace. When cool, the ash is dis-
solved in a few drops of nitrie acid and transferred to a 25-ml. volu-
metric flask containing distilled water; it is then brought to volume
with distilled water and appropriate dilutions made.

Stools are collected in a No. 5 Lily tub lined with an 8- by 4- by 18-in.
polvethylene bag, which weighs about 7 gm. The stool is frozen in this
bag, and the frozen stool and bag are weighed together; thus the weight
of the stool is obtained. The frozen stool separates casily and cleanly
from the polyethylene bag if it is neecessary to remove it. In our meta-
bolic studies, stools from a 4S8-hr. period are usually combined. To the
combined stool as passed, SO0 ml. of water is added. The siugle plastie
bag containing the frozen combined stools is then cueased in two more
plastic bags of the same size. The bags are closed by twisting the open
ends together, then folding the twisted ends over. Closure is maintained
with a heavy rubber band wrapped around the folded-over ends. This
package is placed in a 1-gal. paint can and the cover is closed. The can
is then shaken for 15 min. on a paint mixer. A small sample of the re-
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Table 8. RecoveEry OF CALCIUM ADDED T0 DIET AND SToOL HOMOGENATES (MEQ)

. Total Ca
Samgie Cain Recovery
wt. (go.) Sample* Ca added Erpected Found (Ga)t
DIET HOMOGENATE
5.2658 0.1584 0.055 0.239 - 0.241 100.8
4.1320 0.144 0.055 0.199 : 0.200 100.5
5.3061 0_.185 0.055 0.240 0.245 102.1
4.6150 0.161 0.035 0.216 ) 0.209 96.8
STOOL HOMOGENATE
5.32495 0.421 . 0.055 0.476 0.463 97.2
5.7858 0.457 0.055 0.512 0.515 100.6
4.6509 0.369 0.055 0.424 0.425 100.2
4.9942 0.395 0.035 0.450 0.438 97.3

*By analysis, 1 gm. of diet was found to contain 0.034 mEq. Ca, and 1 gm. of stool
hemogenate, 0.079 mEq. of Ca, !
tAverage: for diet, 100.1%; for stool, 98.8%.

sulting homogenate is then weighed in a preweighed dish. The remainder
of the sample preparation is the same as that for diet.

Studies of the recovery of caleinmn added to diet and stool are shown
in Table 8. These data indicate the accuraey of the over-all process. For
the final dilution, 0.5 ml. of the diluted solution to he analyvzed is added
to 4.5 ml. of 1% lanthanum chloride.

The diets and stools analyzed in this study are not necessarily repre-
sentative of all possible dicts or stools. Analysis of stools from patients
receiving antacids like Amphojel,* which contains aluminum salts, may
be subject to crror because of the presence of these salts in the stool.

Magnesium

To measure the accuracy with which magnesium can be determined
in sernm and urine by atomic absorption spectrophotometry, only re-
covery experiments, constituting the so-called internal-standard method
of evaluation, were crmployed. In the procedure usnally used for sernm
magnesium, 0.2 ml. of serum was diluted with 5 ml. of diluent. As shown
in Table 9, we have found, in agreement with the observations of Willis
(3, 4), an-enhancement of absorption when water is used as a diluent
and acceptable recoveries of added magnesium when 0.25% strontium
chloride is used as a diluent. Thus the strontium chloride seems to sup-
press the enhancenient. A similar enhancement of absorption was ob-
served when 15% TCA was used to precipitate the protem. This effect

*Wyeth Laboratories, Philadelphia, Pa,
)
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Table 9. REcoviry oF MAGNESIUM ADDED TO SERUM AND URINE
Recovery
Diluent Tests (%) a2t . . 1 4
Serum M
SrCls 4 101.2 2.44 1.56 1.55
H.0 4 107.8 2.74 1.65 1.53 -
TCA 4 107.9 T 13.63 3.68 3.41
Urine ]
H.0 - 8 99.4 8.31 2.88 2.90
SrCla 4 101.1 9.17 3.03 3.00 -
Table 10. RecovEry or MAGNESIUM FrOM DIET AND STo0L HoMO0GENATES (MEQ)
Jotal Mg .
Sample Ygin Mg Recovery
wt. (gm.) sample* added Ezxpected Found (<a)t.
DIET HOMOGENATE
4.8731 0.058 0.028 0.086 0.083 97 ° ’ [
4.7229 0.057 0.028 0.083 0.083 98 !
4.9651 0.060 0.028 0.088 0.087 99
3.6761 - 0.044 0.028 0.072 0.073 101
STOOL HOMOGENATE
5.4884 0.178 0.027 0.2035 0.213 103.9 Pl
5.6433 0.183 0.027 0.210 0.210 100.0 f‘
4.9010 0.159 0,027 0.186 0.187 1005
4.4241 0.143 0.054 0.197 0.209 106.1
6.5505 0.212 0.034 0.266 0.261 93.1
*By analysis, 1 gm. of diet was found to contain 0.012 mEq. of Mg, and 1 gm. of stool,
0.0324 mEq. Mg. e
tAverage: for diet, 999 ; for stool, 101.6%.
" Table 11. COEFFICIEXTS OF VARIATION FOR M.mm:smix BY ATOMIC ABSORPTION METHOD
Concentration XNo. of replicates ‘ v .
STANDARDS, REPLICATED ON SAME DAY (AG./100 ML.) .
0.5 5 1.06
1.0 5 0.56 )
2.0 5 1.05 .
3.0 5 0.34 o
4.0 6 1.64 S
SERA, REPLICATED ON DIFFERENT DAYS (MEQ/L.)
1.82 5 1.10
1.82 5 2.07
1.82 16 2.52
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Table 12. RECOVERY 0F MAGNESIUM ADDED 10 URINE WITH 0.23% STRONTIUM CHLORIDE
or WATER AS DILCENT (MG./100 arL.)

Urine Mg in AUg Total Mg Recovery
dilution urins added My ] found (F)*

STRONTIUM CHLORIDE

1to 100 0.64 0.5 1.14 117 103
2t0 100 1.34 0.5 1.84 1.86 101
3 to 100 1.96 0.5 2.46 2.55 - 104
4 to 100 2.66 0.5 3.16 3.06 97
WATEE
04 to 100 0.31 - 0.2 0.51 0.49 96
0.5 to 100 0.38 0.25 0.63 0.63 100
1to 100 0.73 0.50 1.23 1.23 100
210100 143 0.50 1.93 1.88 98
3t0 100 2.0 0.20 2.20 2.28 104

*Average: with strontium chloride, 1019 ; with water, 10056.

was observed whether strontium chloride was present or not. The dilu-
ent nsed routinely for serum magnesium determination is 0.25% stron-
tium chloride.

Recovery of magnesium from diet and stool homogenates is shown
in Table 10. The final solutions used in these analyses consisted of 0.1
ml. of appropriately diluted ash solution in 5.0 ml. of water.

The precision with which magnesium can be determined is shown in
Table 11. Again, as expected, the precision obtainable is much better

‘when the replicate analyses are performed on the same day than when

they are performed on different days.

Table 12 shows the recovery of magnesium from urine with 0.25%
strontium chloride and with water used as diluents. Water as the diluent
appears to give slightly better results statistically, but the difference
is not significant. For the sake of simplicity, water is used as the pre-
ferred diluent.
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Automated, Simultaneous Microdetermination of Calcium and

Magnesium by Atomic Absorption

Nathan Gochman and Harry Givelber

A procedure is described for the simultaneous, automatic determination
of serum calcium and magnesium with the AutoAnalyzer, and a dual-
channel, double-beam atomic absorption spectrophotometer, the L Model
153. Advantages over existing procedures include a high rate of analysis
(90 samples or 180 tests per hour) and low sample consumption (a total of
' 30 ul for both determinations). We have compared the new procedure
with a manual one in which the Perkin-Elmer Model 303 atomic absorption

spectrophotometer is used.

AVAH.ABILITY OF AN ATOMIC absorption spectro-
photometer (1ss) with two channels (one

- monochromator and one filter position), the In-

strumentation Laboratory Model 153, provided
the starting point for investigation of a simultane-
ous, automated procedure for serum calcium and
magnesium. ’
The work of Klein et al. (1-3) indicated the feasi-
bility of the AutoAnalyzer with an atomic absorp-
tion detection system for determining serum cat-
ions. These authors investigated the use of a Tech-
tron Model AA-3 single-beam, single-channel aas
combined with a double~dialysis manifold, which
provided a protein-free diluted sample. Both serum
calcium and magnesium could be determined with
their system using two sample runs at a net rate of
analysis of 20 to 30 samples per hour. Sample con-

. Sumption would be approximately 1.2 ml, which

limits the procedure’s usefulness for pediatric spec-
Imens, on which electrolyte determinations are fre-

- quently required.

Zettner and Seligson (4), Pruden et al. (5),
Trudeau and Frier (6), and Johnson and Riech-
Inann (7), have demonstrated that accurate deter-
minations can be made directly by atomic absorp-
lion in the presence of serum proteins. Rodgerson
and Moran (8) reported a manual atomic absorp-
tion micromethod for calcium that requires 20 wl
of serum and is based upon sample dilution and
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Betht.*sda, Md. 200141,
Presented at the 21st National Meeting of the American As-
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measurement without deproteinization. Their pro-
cedure was more reliable than a microfluorometric
method. If deproteinization were unnecessa ry,
an automated procedure of considerably hicher
sensitivity (lower sample consumption) would re-
sult, if recordings could also be made noise-free
and the effects of serious burner clogging by pro-
tein could be eliminated.

This report describes the details of a combined
AutoAnalyzer and 1L 153 system that satisfies
the requirements indicated above and correlates
well with a manual atomic absorption procedure.
Sample consumnption at 90 samples per hour(sample
to wash ratio, 1:1) is 30 ul, which fits the scope of
automated microchemical determinations suitable
for pediatric specimens as described by Mabry et

.al. (9).

Materials and Methods
Reagents and Standards

Lanthanum-butanol diluent (0.5 ¢ of lanthanum
per 100 ml of n-butanol, 40 ml/ liter). Lanthanum
oxide (La,0;), 5.85 g, (Alfa Inorganics, Ine.,
Beverly, Mass.), is dissolved in 25 ml of coned
hydrochloric acid, then diluted with about 200
ml of de-ionized water; 40 ml of n-butanol is added
and the solution is diluted to one liter with de-
ionized water.

Stock calcium standard (100 mEq/liter). Dried
calcium carbonate (CaCOy), 5.0045 g, is dissolved
in 4 ml of concd hydrochloric acid and diluted to
one liter with de-ionized water. _ )

Stock magnestum standard (50 mlq/liter). Mag-
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nesium metal, 0.6080 g, is dissolved in 2 ml of
coned hydrochloric acid and diluted to one liter
with de-ionized water.

Stock saline (17 ¢/100 ml). Seventeen grams of
sodium chloride is diluted to 100 ml with de-ionized
water.

Combined working standards

Ca Mg NaCl

Ca, Mg, stock, stock, stock,
mEq/l mEq/l ml ml ml
2.0 0.5 2.0 1.0 5.0
4.0 1.0 4.0 2.0 5.0
5.0 1.5 5.0 3.0 5.0
6.0 2.0 6.0 4.0 5.0
7.0 2.5 7.0 5.0 5.0
8.0 3.0 8.0 6.0 5.0

Aliquots of the stock solutions, as indicated, are
combined and diluted to 100 ml with de-ionized
water.

Instrumentation

Atomic absorption spectrophotometer. The In-
strumentation Laboratory (Watertown, Mass.)
Model 153 aas used for this investigation was
cquipped with a magnesium hollow-cathode lamp
in the turret position (Monochromator optical
path), and a calcium hollow-cathode lamp in the
fixed position (422.7 nm interference filter optical
path). The burner tused was a Boling-type with a
three-slot head and 10-cm light path. This aAas
has a linear recorder output, and when operated
in the 2.5-scale position reads dircetly in absorb-
ance units. ,

Recorders. Two SR recorders (E. H. Sargent Co.,

Chicago, Ill.) with variable range selector switches
(up to 125 mV) were used. Chart speed was set at
medium, l-in./min. The IL 153 servo potenti-
ometers required grounding for zero adjustment of
these recorders. o .

Automatic sample feed and dilution. Technicon
AutoAnalyzer modules were assembled as shown
in the flow diagram (Figure 1). The Sampler I13s
operated with the 90-per-h cam, and a sample-to-
wash ratio of 1:1. A check of the actual aspiration
time of each cam lobe should be made as dis-
cussed by Young et al. (10).

Operating Procedure

Preliminary adjustment of the IL-153 aas re-
quires the following fixed settings:

Test Mode—4, B; Channel A milliamp setting—
4; Channel B—35; Scale—2.5; Curve correct—0;
Calibration—full counterclockwise.

After “Power” and “Hollow Cathode’ switches
arc turned on, the Channel A monochromator is
peaked for maximum energy by rotation of the
wavelength dial (nominal magnestum absorption
peak at 285.2 nm), and energy-balance meters are
adjusted. Monochromator slit setting is 160 p.

" The flame is ignited and the AutoAnalyzer mani-
fold connected to the atomizer. Fuel (acetylene)
pressure is adjusted to 4 1b/in.* and oxidant (com-
pressed air) pressure to 12 lb/in% The aas zcro
controls are adjusted so that the absorbance reads
zero on the digital displays. The recorder zero
controls are then adjusted to 5 divisions on the
100-division linear chart paper.

With the instrument sampling the highest
combined working standard, the recorders are each
sct to about 90 lines while the steady state 18
plotted.

Samples are placed in microcups of 0.5-ml
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- Fig. 3. Recording of magnesium determination, made simultaneoixsly with thatin Fig.2

capacity. As little as 100 gl of serum (first marked
line) may be used if the sample pickup probe is
carefully positioned.

Standards and samples are analyzed, and stan-
dard curves are prepared on linear graph paper
for caleulation of results for serum.

Results

Figure 2 shows a recording of the calcium-moni-
toring channel, including steady state of S mEq/
liter, aqueous standards (including lowest following
highest to note interaction level), and a number
of random serum specimens. The concurrent
magnesium recording is shown in Iigure 3.

Occasionally, a serum magnesium value is ex-
tremely supranormal if a patient has been treated
with magnesium salts, as illustrated by the ofi-
scale specimen shown in this recording. Such sam-
Dles are diluted with an equal volume of saline and
reanalyzed. .

The calibration curve for calcium is Lnear to

about 7 mEq/liter,beyond which it deviates slightly

downward (Figure 4). Magnesium deviates from
linearity by about 109, at 3 mEq/liter (I'igure 5).

The within-run precision of the automated
procedure was tested by analyzing a serum pool
30 times consecutively in a single run; the re-
sults are listed in Table 1.

Frozen aliquots of the serum pool were analyzed
on 20 consecutive days during routine operation of
the method. The results, which give a measure of
the day-to-day reproducibility of the procedure,
are shown in Table 2.

Table 1. Within-Run Precision of Automated
Calcium and Magnesium Determination on a
Serum Pool Sampled 30 Times

Calcium Magnesium
* Mean, mEq/liter 4.59 1.55
SD 0.052 0.022
Cv, % 1.1 1.4
Range 4.40-4.70 1.48-1.59
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. . Day-to-Day Precision of Cuaicium and
;{tatz;':egium getermination on Aliquots of Frozen
Serum Pool (20 Daily Analyses)

Calclum Magnesium
Mean, mEq/liter 4.53 1.57
sédn g 0.083 0.042
CV, % 1.8 2.7
"Range 4.40-4.75 1.52-1.67

The automated procedure described here was
compared with the routine laboratory procedure
(4) that uses a Perkin-Elmer Model 303 aas
amd a scemizutomatie diluter for 50-fold dilution of
~serum. Diluting reagent for the Perkin-Elmer
methad iz a mixture of 0.5 g of lanthanum, 6 ml
of hutanol, and 44 ml of water. Results of the cor-
relation are shown in Table 3. The calcium results
agree very well, while a small but significant
diicrenee in means for magnesium is evident. This
ditivrence s related to standardization of the two
provedures and will be discussed later.

Table 4 sumnarizes analytical data obtained
from the analysis of two types of commercial
vophilized coutrol serum by the two procedures.

Discussian

The first consideration in setting up the dual-
chinnel Instrumentation Laboratory Model 153

Atomie Absorption Spectrophotometer was the -

scleetion of either ealsium or magnesium analysis
with the grating monochromator. The numerous
spectral lines in the 283.2 nm vicinity that could

261

cause interference with the of
magnesium demanded that magnesium be used
with the higher resolution grating. A Ingh-quality
interference filter, of 422.7 nm nominal peak wave.
length with a 6 nm band-pass, was used for the
calcium analytical channel.

Factors influencing the determination of calcium
on this instrument were reported by Bowers et gf,
[CLix. CHEM. 14, 846 (1968), abstract]. These
authors used strontium as an internal standard and
measured the calcium-strontium ratio. Because of
the many unsuspected abnormalities of magnesium
metabolism observed in our patients, we thought it
more desirable to use the second channel to provide
a simultaneous magnesium determination. The re-
sults of the precision studies indicated that ade-
quate stability could be obtained without resorting
to an internal standard technique. The major in-
stability factor that might be introduced is varia-
tion in hollow-cathode lamp intensity, but this is
satisfactorily compensated by the double-beam
operation (flame path vs. reference air path) of
each analytical channel.

To satisfy the requirements for a high rate of
analysis and low sample consu mption, a nondialysis
AutoAnalyzer manifold was investigated. The use
of an aqueous lanthanum diluent with the mani-
fold shown in Figure 1 resulted in rapid-forming -
deposits in the slot of the burner during aspiration
of serum samples. This caused a ragged flame
and a drop in sensitivity within 30 min.

‘The presence of butanol in the lanthanum -
diluent greatly reduced the rate of deposit accum-
ulation, but also caused a slight decrease in wash-
out characteristics of the manifold rs. the aqueous
reagent. Butanol, 4 ml/100 ml, was chosen for

-

Table 3. Comparison of Results for Serum Calcium and Magnesium Obtained by
Automated System with IL-153/AA and by Manual Atomic Absorption with PE-303

Calcium, mEq/liter

Magnesium, mEq/liter

IL-153/AutoAnalyzer PE-303 1L-153/AutoAnalyzer PE-303
No. samples 160 160 124 124
Mean, mEq/liter 4.69 1.64 1.55
sD 0.51 0.26 0.23
Range 2.85-6.85 2.85-6.60 0.65-2.64 0.61-2.57 -

Table 4. Comparative;Analysis for Ca and Mg in Commercial Lyophilized Control
Sera by Automated 'Procedure (1L-153/AA) and Manual Procedure (PE-303)*

Calcium, mEq/liter

tAagnesium, mEq/liter

1L-153/ 1L-153/

Sample Labe! AutoAnalyzer PE-303 Label AutoAnailyzer PE-303
Calibrate® 1 3.75 3.68 3.63 1.32 . 1.31 1.20
calibrate 2 5.25 5.08 5.16 1.73 1.65 1.57
alibrate 3 6.75 6.68 ' 6.68 2.14 2.05 1.98
Aonitrol* 4.84 4.77 4.75 2.5 2.32 2.26

: Values are av. of duplicate or triplicate determinations. . ) :
” "Fahprate"' is a product of Warner-Chilcott Laboratories, Morris Piains, N. J. Lot No. 677108
“hianitrol” s a product of Dade Reagents, Miam, Florida. Lot No., 83-D.

-
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Fig. 4. Calibration curve for serum calcium, plotted on
linear graph paper

the procedure since this concentration permitted
96-97%, steady state to be attained for both
aqueousstandardsand serumat 90 samplesper hour
and a sample-to-wash ratio of 1.

Over 200 serum specimens have been analyzed
in a single run with this reagent without significant
deterioration of the flame characteristics. The
burner head is cleaved every day by immersing it
in 10%, nitric acid for 15 min or overnight.

Butanol also enhances magnesium absorbance
and, at the 49, concentration wused, produced a

- 309 increase in sensitivity compared to the reagent

without butanol. There was ne measurable effect
on calcium absorbance; therefore, the effect of
butanol on magnesium is apparently a direct en-

- hancement rather than merely an increase in

%tomiz‘ation efficiency, which would have affected
oth. )

The AutoAnalyzer manifold was set up to pro-
vide a differential input of diluted sample to the
A4s atomizer. The aas is equipped with a vari-
able aspiration-rate control capable of drawing
between 0 and 10 ml/min of a solution open to the
atmosphere. This was adjusted to draw from 5 to
6 ml/min, for optimum recordings when the aas
Was connected to the AutoAnalyzer manifold des
livering approximately 4 ml/min. '

Absorbance values were about 0.700 for 3 mEq
of magnesium per liter and about 0.150 for 8 mEq
of calcium per liter with the manifold as described.
Phese values were obtained with an actual mani-
fold dilution factor of 42 ecompared to a

‘nominal dilution of 50. This was ¢ 2%l

comparing readings obtained by d

tion into the aas of (¢) an accurate . vo-ou wiu-
tion of the standard and (b) the diluted effluent col-
lected from the AutoAnalyzer during sampling of
the combined standard.

When the correlation study reported in Table 3
was completed, the aqueous standards used for the
respective procedures were compared with partic-
ular reference to the magnesium contents. Lithium
was included in the aqueous standards for the
Perkin-Elmer procedure because of occasional
determinations of lithium in serum. However,

- lithium produced no interfering effects on the

determination of either caleium or magnesium.
New standards using magnesium metal, and high-
purity magnesium sulfate were prepared. These
agreed well with the automated system standards,
but were 59, lower in concentration than the
standards used for the data obtained on the Perkin-
Elmer apparatus. This accounts for the lower
magnesium values obtained on the Perkin-Elmer
apparatus for the commercial control sera and
individual serum samples when compared with
the IL/AutoAnalyzer system.

After several weeks of routine operation of the
automated procedure, we observed that occasional

|
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Fig. 5. Calibration curve forserum magnesium, plotted
on linear graph paper
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Comparison of Sodium Background Effects with Two Calci

26—

Interference Filters (Calcium, mEq/liter)

" O!d calcium filter

Table 5.
Calcd. vs. requiar standards
Sample Label Found % label
HSP® 6.35 5.65 89
. LSp? 3.00 2.30 77
Calibrate 1 375 3.40 91
Calibrate 2 5.25 : 4.90 : 9'3'
Calibrate 3 6.75 6.50 96
Monitrol 4.84 4.45 92

Calcd, vs.

slandards without NaCl New filter*

Found % label Found % labe}
6.40 101 6.50 102
2.95 98 3.00 100
4.00 107 3.80 101
5.60 107 5.10 97
7.30 108 6.85 101
5.10 105 . 4.80 99

* Standard curves with and without NaCl indistinguishable, therefore only one set of calculated data.
* HSP ang LSP are aqueous calcium solutions prepared without NaCl and used as controls in the Clinical Chemistry Laboratory

Other samples identified in fegend to Fig. 4.

Ivophilized serum controls were producing results
for ealennn 5 to 109 lower than usual, When
thi~ prolilim beeame more consistent, we investi-
gatedd and found the effect to be related to a
chinnge in tran<mission characteristics of the inter-
ference tilter. ‘

Samples were analyzed with the caleium filter
currentty used and a newly received filter, using
standands prepared as deseribed and another series
of ~tundands i which the 0.859, sodium chloride
was amitted. The old caleium filter gave absorb-
anee reawdhings for the sodium-containing standards
thit were considerably higher than those prepared
withoutsadiuim. s can be seen from Table 5, results
for control =erum were low when caleulated against
the ~odinm-free standurds. Apparently, the sodium
backheround eficet 1s modified in serum, since the
soshuin level is approximately the same as in the
~tanekards but compensation is not achieved.

With the uew filter, the two sets of standards
were andistinguishable, as was the case with the
old fdterinitially, and when we used the Channel A
monochromator, Caleulated data for the control
sera nureed well with label values. We suspect
that delunination of the initial filter caused the
abnormd sensitivity to sodium, but we are not
" sure why this ocenrred.!

! abesinent examination of the old filter revesled missing
©im v eealer between the glass and holder, which could have ad-
veortel e Dight,. The new filter has been used for nearly a
vear without any diffieulty.
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ANTIDOTES  FOR STRYCHNINE
POISONING *

HOWARD W, HAGGARD, M.D,
AND
LEON AL GREENBERG, Pub.
NEw BAVEN, (oNx,

Reeently Aikman * has called ateention to the impor-
tice ot stoydhnine as< oo cause of fatal puisoting in
children. e adds thice cases 1o the long list of farali-
Hes already  ativbuted to tins alkalotd,  Statistical
studies = on the wubjeet indicate further that <trvehnine
is the conmnonest cause of puisoning among children,
Insnest fitances the strychinine is ohtained from sugnr-
coated cathartic or tonic pills purchased by adulis for
~their own vse by carclessly left within the reach of
children This source of poisoning can eventnally be
climinated by legislation against the  dispensing  of
strochinine in this form. Tiue will he required, how-
ever, to bring about this change, and in the meantime
accidental falities will continue. There will always
be the cccasonal cases of acciidental or intentional
poisaning among aduls,

The methods of treatment for strychnine poisoning
BOW inuse are apparently not very effective, They
consist of ¢inetics or the use of the stomach wube for the
recovery of unabsorbed strychnine; but because the
latter procedure precipitates convulsions, it is frequently
necessary to anesthetize the patient while it s heing
carried out.  Treatment is then directed toward the
control of convulsions to aveid fatal asphyxiation® or
exhaustion, and to this end antispasmodics and volatile
anesthetics are commonly cmploved. The anesthetics,
however, are prone to cause respiratory failure when
given in amounts suflicient to control conviilsions : their
use is thus attended with sonie risk, Marphine is said
to auginent rather than to allay convulsions.

In experimental investigations of strychnine poison-
ing, Githens and Meltzer were able to save dogs that .

* From the Laboratory of Agpplied Physiology, Sheffield Scicutity-
School, Yale University.

1. Aikman, John:  Strychnine Poisoning in Children, J A M. A
831661 (Nav, 291 1930, .

2. Statistical Bulletin, Metropolitan Life Insurance Company @: (.2
(April) 1923, -
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had reccived twice the surely Tatal dose by the employ-
ment of anesthesia, intratrachial insuflation and the
injection of salt solution. Fardera and Gentituedd, and
alko Osterwald  found that rabbits and  guinea-pigs
wonld sury v one and a hali tmes the fatal dose il they
were allowdd o inhale oxygen Neither of these
methorls lis come mto any geveral use.

The experimental worle reporied here was carried
ont mainly on rats, with a few additional experiments
on dogs. The method of procedure was such as to
allow simpie graphic representation of the observations.
The stecessive Tas 10 & series avere piven inereasing
doses of s rvehnine varying irom nonfatal ;unount up
1o five tivees the amonnt ordinarily fatal. The anti-
spasmodic g nnder spudy was abxo adiministered
B 1ot norionm amow throughout the series, Thus
the onlv carinhie was the arvelinine,  Vhe dose of
I\llli\l‘)fl.;lli-‘(:i(* drig, however, was different {or each
seprrate cevies oi rats, Flas the series themselves
provided the second varialble, The procedure was in
principle ene of Grration in whicl the death oy recovery
of the e served asoan dieator of the cifectivencss
of the antvedate,
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Chart 1 --Magresium sulpliate a Tministered 10 rats poisoned  with

strychnine: The rats pepresentet by ek dots died thase represented
Ly cirddes Preds The doee of strychome and sponierpline given any one
uf tie rats s omdoeare U hy the poistson the and eodinate cosre-

fponding o the rat AMoapne stz sufphare s pot o antidote fur strychmine.

v
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EXPERIMENTS WITH M AVGNFESIUN SULTHATE  AS

AN ANTISPARMODIC

The result~ abtained with the use of magnesiun sul-
phate e mven jn chart 1. The observations are
essentinlhy the e as thoee of Underhill and Wood
hut, since in their esperiments thie strychnine was
acdmiiistered intramusculty, ther doses are somewhat
Jarger than those reported here, which were given intra-
peritonediv. T this series of experiments the mag-
pesitm sniphate was administered hefore the strychmune
was given, It was necessary o dn so i the rats
heennee the extremely rapid action of large doses of
sirvehnine on these animals allowed no tme to make
subseque ot administrations administration of two or
Aliree times the surely Tatal dose was fuilowed hy con-
vulsione and death i irem three to four minutes.” and
thus oiten beiore the antidote could e given. The
action is slower in large animals; two or three times
the lethal dose produces deatiiin from fifteen to thirty

3. Undertulh.
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minutes in dogs and after a much longer time in huma
beings. The difference in tie depends on ihe more
intense metabolism and more rapid circulation in smnli
as compared with large animals.

In the experiments recorded in chart 1, twenty-three
rats were injectesd intraperitoncally with amoants of
strychnine varying from 0.001 to 0.004 my. per gram
of bodv weight.  About half the rars given 00325 mg
per gram dicd; the others recovered.  All those given
less than 0.0025 mg. per gram recovered, and all these
given 0.003 mg. or more per grrany dicd. Therefore,
0.003 mg. per gram of rat wus taken as the absoluely
fethal dose.  Magnesium  sulphate solution injeeiad
intraperitoneally causes unconsciousness in rats in doses
of 0.8 mg. per grany of rat and death in doses of G0
mg. or over. As seen in chart 1, the nse of magnesivw
sutphate did not diminish the toxicity of strychiome oy
did strychnine diminish the toxicity of magnesim
sulphute.

USE AS AN ANTISPASMODIC

The nse of apomorphine as an antispasmodic 10
strychimine poisoning was suggested by Dr. james >
Alartin of Waterhary, Conn,, whe has used this drayg
successfully in three cases of strychnine poizoning. Th
Martin has kindly allowed us to preseat the daty from
these cases:

0OF  APOMORPIIINE

Case 1.—A child, aged 4 years, had swallowed an indoimite
quantity of tablets of strychnine sulphate,  Convuisicns T
started akout one bour before medical treatment comncnoed
At the time of observation, convidsions  were of  eacvens
severity, with opisthotonos,  Attempts 1o inject ehlorul hydren
by rectum started @ convulsion, and the Dguid was eoced
violently,  Doath seemed imminent from respivatory datiure

Ope-tenth grain (6.3 mg.) of apomorphine was g
suhentaneonsly, and this procedure precipitated @ vickat ¢ -
culsion. followed a minute Jater by one of less severdy, U
te emd of three minutes, sweating commencad ; the
relaxed.  During tl next ten mintites there werd o ey
spasmodic movanents, but these passod off and there were @
furthier convolsions,  The patient did not vamit.

ot

Cavp: 2.-—A woman, aged 23, took strychiine with swisidad
intent, as was later strted  a whole hoecfal” of onethrne i
Convulsions were well masked when

grain (2 mg) tablets,
ricdical treatment was commericed. A tap on the s
the hed was followed by a violent convulsion, sccompam
by loud expiratory grunts, bursts of flatus and discharpe
urine. There was extreme opisthotonos,

One-fifth grain (13 mg.) of apomorphing was fujectedd <ih-

cutancoushy, and precipitated a comulziien.  As g the te s
case, sweating and relaxation followed; some spasino b
movements continued  for one hour. One-tenth graim o1

furthicr con-
she rec v

. There were o
The paticat did not vomit

apomorphine was then given,
erulsive movements.
ered {ully.

Cast. 3.—A boy, at boarding school, in a fit of desponders
decided to commit suvicide.  He stole from the school infirs
a bottld containing 100 one-tenth grain stryehnine tablets, They
were of the refl sugar-coated variety. He carried them ik
room, where he swallowed the entire hiundred. washing thom
down with a glass of water. Adfter sitting alone for twenty
minutes, during which no symptoms of poisoning occurreil, he
decided that he had been mistaken in his choice of poison. te
walked downstairs and took his place with the rest of the
students in the study hall. Almost immedintely he fell to “he
floor in a violent "convulsion. A stomach tube was passed
and a small amonnt of pinkish fluid was removed. YVielemt
comulsions prevented any further attempt to wash out he
stomach.

Fifteen minutes later, one-tenth grain of apomorphine was
administered subcutaneously. The effect was the same as in
the two cases previously cited. Twitching persiste]l o ad
hour and was contralled by the administration of an additiona’

i
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éﬁmh yrain of apomorphine, The patient did not vomit,
§ ecovt red fully. .

1 commenting on these observations, Dr. Martin

e nret cese, Toteed quite sure. would have terminated
withort the use of apuomorphine, as is quite probubie in
tee caes also, T all three canes the activn af the
. crmeular. The almost immedinde cessation of
Lvalsi - Toltowing the adnnnistration of the apomorphine

o v Tor doubt that it acted in a specilic manner agaiost

2t
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EXPUEIMENTS WITH APOMORPIINE AS AN
‘ ANTISPASMODIC

¢ The antispastodic and sedmive effects of apomor-
"{)!;il..c have been o erved by others,* and the drug hus
oo needd oceasionaliv with these endds i view, hut

spre o its more striking action as an eihetic 1t is
fred alieost exclusteely for that purpose,
P oRats sre unable v vomit, but following injections of
yerirp e they exhibit actions mdicating disturhanee
G e motility aned seeretion ol the alimentary tract,
Aer doses of from 00335 1o 0000 mg. of apomor-
phine, they salivate freely and move their jaws i a
ot Jewing wotion, They Bite cvervthing witiin
Loir reacit: they eat the foces in their cage and chiew
St osrn taiks e even cear skin from their badies,
Vol waie time the anmads bremhe violentiy, are
restleslv active, turning in circles: huat graduadly the
! Becomie stff and their anovements  awiward.
Pardiats develops, smnd death foliows from doses ol
resulting irom respitatory failure.
D testing apumerphine as an antidate or stryvchaine,
P same precodure was tollowed s the use of
iaznesivan sulphae

Clirt 2 presents the resuls of  experiments on
enterine rats civen strvelnine and apomaorphine,
tirtean civen stryehuine alone, and thyee given apomor-

; -t g
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Ly e,

1 ye - .
vhive wlone,  The use of apomorphine brought about
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Apocrpns wgs per gmcl val

b 2.—Apomorphine administered to rats poisoned with strychuine:
sty tiny as in chart 1 _Apormnrplnne is an autl;)o(c for strychnine,
m,{“; tats fram death provided the dose of strychnine does not exceed
J e the amount lethal for untreated rats. Strychuine does not act as
U antidate for apomorplune.

recovery after the administration of slightly less than
twite 1 fatal dose of strychnine. Strychuine, however,

1l nat cerve as an antidote to apomorphine.

Five experiments were performed on dogs to deter-
Mine the etfects ot apomorphine in controiting strych-
Bite convulsions in these animals.  The-lethal dose of
ichnine for urtreated dogs lies between 0.6 and

uk ANTIDOQ TES—HAGGARD AND GREENGERG
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0.7 mg. per kilogram. The higher value was taken as
the absolutely lethal dose.  Intraperitoneal injection ot
this amount o one doyg produced stitiness of the Jeg
and arching of the back in five minutes, convulsions m
ten minutes, and death in twentyv-three minutes,

Iy a second dog treated in the sioe manner, stitfness
and arching of the back devieloped i tive mimutes, .\t
this tme 11 was given I gram (0063 Gmo) ot apomor-
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Fresudarbial S mbs e Gov.of 1t
Chast 3 ercharhital sohinn: adnnnistered o rats g

sirychaies Poosetabn oot charts oand 200 Phenobarti
Aot for \'U\\‘)‘."um" ~AVIIEE pals RTter 1ot te Bve Dumies they a:
for umtieates) dats, Strichmine ots o~ oan antidote foro g
sodinnn, saving rats witer twice the amount lethai Tor untreated rats.

phine  intraperitoneadly. Dogs are less sensitive o
apomorphine than are human beings, and doses as high
as 3 grains (0.2 Gooy can be tolerated, Stevehaioe
corvulsions did not develop in the dog. Tt vonnted and
for a hall houar was restless, wadking moctreless Aothe
end of an hour the dog appeared normal but sleepy and
thereafter did not show any il cifeets {rom the drogs.

A third dog wias givenn double the abeolutely Jedhad
dose ol strychmine (14 myge por kilogron g, and ten
minntes  later, when convulstons were  deitmte and
cevere, 1 grain of apomorphine was injected intra-
peritoneally.  The dog vamited and the convalsions
ceased, but the dog remained hvpersensitive to sensory
stimulation dor an hour, at which time this reactiom
disappearcd and the dog appeared depressed hut not
otherwise abnormal,

The fowrth and fifth dogs were cach given three
times the absolutels lethal dose of strychnine (2.1 myg,
per Kilogram).  In both cases, extremely violent con-
vulsions developed within two minutes. The convulstons
were not controlled by the administration of 1 grain of
apomorplfine, and the anmmls died i nine and in
twenty-three minutes, respectively, after the adminisera-
tion of strychuine.

EXPERIMENTS WITIT PHENOBARBITAL SODIUM

’ AS AN ANTISPASMODIC
Phenobarhital sodium has been used extensively as an
antispasmodic in - nervous . disorders” - In testing
phenobarbital sodium as an antispasmodic for strveh-
nine convulsions, we Tollowed - the same procedure as
that for apomorphine, The results, which ave presented
in chart 3. show that the lethial dose of plhicnobarhital o
rats les between 0.3 and 04 mg, per gram of rat. With
less than a third ol this lethal dose, recovery oceurs
after the adnnistration of three times the absolutely

S, Schoenhorn, St Fortschro do Therao @2 17880 (M arch 180 1930
Bancerjee, H.: tudian M. Rec. 50! PR3-107 (Febod 19300 Kegan, Jo M,
and Mirelson, Lo A: Ztschr, £ d. ges. Neurol. u. Physiat. 118: 62l.03),
1909,
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letad dose of srochnine, wnd with the mininal lethal
sl of phenobirbital, recovery occrrs after the adnon-
rration of Trom four to five times the absolutely Tethal
dose of strvchnine, Furthermore, with large amounts
of strvehnine, recovery ocenvs aiter the administration
of twice the tethal dese ot phenoharbival.

There ix thus apparentdy a tre antagoni-m between
thes¢ two drugs; such wis unt the ease with apomor-
phine, for strvchnine did not mdnee vecovery when the
crdinary fothal dos s of apomorphine wis given.

o study furthes the antidotal propertics ol pheno-
barbital solinm o strvehnine poisamng, ive experi-
ments were perfaimed oo dogs,

The first dog was given nwice the absolutely Tethal
Jewse of strvchuine dntraperiioncally (1 mgs per kilo-
aram) and, at the same time, 0.1 G o phenobarbial
codiunn per Kilozram. Convilsions did ot develop;
the dog was shighitly hypersensitive to sensory stimuli-
sion, bt in twenty nunotes this effeet had passed off
aml the dog bocome slevpys Tt slept guicdy for ten
Lones and aweke appavently normal,

The seeondd dor was given an excessive dose of
plenobarbiad, (012 G, ey Wilogrann Within twenty-
fve minotes the des was neonseions and could not be
torised by vindeist shak At this point, three times the
lethal dose o strvcbnine was given (20 mw per Jilo-
cran )y without av appreciable effect on e doge The
Jor was sl asteop fortyseight hoars Jarer, and jor the

following twelve Beours was awake Bt duill Tts behavior
reierned o nornad adter eteht hoars,

The thivd doug was given 008 G of phenobarhital
socivm per kileorary and thy minures nter four thnes
the tethal dose of strvelinine 28w per kilogram),
Five nimes Boer it Lined a =lieht convalston and several
others of short duration methe hour following, None
of these comunbiens were of suffictent -everity to
ectnlanger the munnd’s e, The dog toadly et asleep,
and the next day was weak but not otlurwise abrormal,

Phe Tourth oo was eiven 03 G of phenoharhital
sodiam per hilovron, There was some delay i adin-
ivtering the stevelnine, and the dog dicd of respiratory
failure thirtv-twa minutes aiter the njection of the
phenobarbital.

The fifth dog was wiven the same Jarge dose of
phenotarbital sodinm as in the case of dog 4, five
minntes later iU wias ancenseious wnd in ten minutes
respiration wie apparenthy fating, Twiee the fethal
dose of stryvchnine wis admintstered with immediate
Leuent,  The dog was alive ten hoars fater but uneon-
weiots,  The Tethid dose of strvehnine was given and
thi= was repeated three hones Jater, Following the Jast
dnse- —altovethier Toar umes the lethad dose of strvelmine
Swithin twentv-Torr honrs— the dog awolke and was ahle
to sl The iobiowing dayv it appeared nommad,

-

CONCLUSIONS

1. Magnesium cnlphate docs not prevent or even
dimini<h <trycimine convalsions imorats. T s not an
antidote for strychnme, :

2. Apomorphine controls convalstons in rats and
It allows recovery after approximately twice
the lethal dose of <orvebnime. hut not when the dose 1s
three times the Tethal wmount,. Stevelnfee does not
antagomize aponcrphine or even diminish s toxicity
1or rats.

3. There are reonrted three cases i which the use
of apomorphine was followed by vecovery in human
Leings who had tiken persomablv tethat amounts of
strychnine.

4]1»;5.
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4. Phenagharbital sodium controls strychnine conyy:,
sioms in rads and dogs,  Recovery {ollows the awhn
tration of five times the lethal dose of strychmine,

S, A\ true autagonizm between the actions of phey,,.
harhital sodium and strychnine is indicated. Rate ..
Jogs that have received amounts of phenobarbied
hizh as three times the lethal dose may be saved g
adpinistration of amounts of styychnine which by ©
selves would be fatal,

4 Hilthonc Avenue.
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Effect of Magnesium Sulfate on Scr rum and Peritoncal Fluid

uﬁlﬁlhﬁl, \qu,ix(:slulu, Inor ;_,..uiu_ }huspnuxus

V. G. Haury anp A, CANTAROW,

From the Departments of Pharmacoiogy and Medicine, Jefferson M. dical College,
and the Laboratory of Biochemistry, Jefferson Haospitaf, Philadélphia.

Four adult dogs were given intraperitoneal injections of 2.3%
dextrose and 0.9% NaCl solution in the dosage of 100 cc per kg
After 16 hours, 20 cc of blood were withdrawn from the fomoral
artery and 20 cc of fluid from the peritoncum,  Previous observa-
tions' have revealed that the scrum and peritoneal fivid Ca, Mg and
P arc in equilibrium at this time. Fifty cc of a 25% solution of
MgSO, were injected intramuscularly (3 cases) or subcutancously
(1 case). Blood and fluid samples (20 cc cach) were obtained 14,
1,132, 2, 3, and 424 hours after injection of the MgSQ,, and were
examined for their Mg, Ca and inorganic D content.

Magnesium. The control values for serum My were 1.82-2.46
mg %. The maximum values after injection of magnesium ranged
from 8.9 (subcutancous injection) to 16.1 mg %, the peak bunu
reached in 1-2 hours, with a subsequent (lcdmc.

The control values for peritoneal fluid My were 1.5-1.67 mg 95,
These increased in each instance, to values of 6.4-12.2 myg %, !
peak being reached 14-114 hours after the peak of serum Mg concen-
tration.

Calcium. The control serum calciun values were 9.45-12.1 mg %.
These fell in each instance, to minimum levels of 6.39, 7.0, 7.6 and
R92 mg %, the last in the animal injected subcutancously,  The
maximum drop in serum Ca concentration {2.31-4.5 mg %) occurred
14-314 hours after the peak of scrum Mg concentration,

The control values for peritoncal fluid Ca were”5.94-8.5 mg %.
These changed relatively slightly during the experimental period, the
range of maximum variation from the control values being +0.63 10
=~ 1.2 mg %, the latter occurring in the case in which the serum Ca
concentration fell 4.5 mg %.

Inorganic Phosphorus. In 2 of the 3 cases i which this deternii-
natwn was made the serum inorganic I’ concentration u.]l from con-

3\

-

* Aided by a grun' from Yuarke, Davis and Co.

1 Cantarow, A., Huury, V. G, and Whitheek, C. (G, Proc. Qoc. Exe, Riei. axp
Men,, 1938, 39, 15, 18; Cantarow, A., and Hawry, V. G, Awm. J. Physiol., 1239,
120, 66,

336 M SuipaTte on SErRUM AND PERITONEAL FLUID

trot levels of 4.6 and 6.63 mg %6 to minimum levels of 3.1 and 3.54
mg Yo respectively, 1 and 134 hours after the p(:n\ of serum Mg con-
‘c:xtm tin had been reached, A similar fall occurred in the peri-
tonen! fluid I’ coneentration in these cases. {rom control values of 4.4
and 6,36 mg 90 to nunimum values of 3.0 and 3.6 mg %. In the
other cnse 1}“,“‘ Wik 1o >sg11.x1a.'§1h cha WIge i ferum or perxtoneal
Imd P eoncentration,

Corimert, The fall i seram Ca {oflowing injection of MgSO is
i accond with previons ohservations,” * some of which suggest that
the 50, e participates in the production of tiis effcet. Meneghetti®
repovied aosimuitanesus fuereise in diffnsible Ca (rabbits ), a finding
not in accord with those reported here. The observed fall in seram
mnorganic P has also been reported previously,™ © being perhaps also
dqm‘dvn! in ;m.t on the iniinence of the SO, jon. The simultaneous
fali in diffused I rpemumn i {inid), not reported pr (*\'mmly, is par-
tieatarhe sipnifes it i view of the z‘:?nh\u_\' insignificant alteration in
pL.nw,c:il Tawd Ca concentration, Tt may be refated to the simul-
tancons increase o the coneentration of Mg and perhaps SO, in
the fluid.

[tis of interest that frank tetany (relieved promptly by intravenous
mnjection of caleium glucogalactoghconate) occurred in the 3 animals
it »\!mh the serom Coconcentration fell'below 8 mg 9% despite the
aheence of significant alieration in the lum) aeal fluid Ca concen-
tration 1 2 of these animais. The explanation of this phenomenon
s not readily apparent. If, as suggested by previous reports from
this Jaboratory. the peritoneal flutd Ca concentration may be regarded
as Fep resentative of the concentration of Ca in the tissue fluids, the
significance of the latter in hypocaleemic tetany appears to be open
to question. It is difficult, too, to understand the oceurrence of tetany
with relatively slight degrees of hypocaicemia in the presence of such
marked increase in the Mg concentration of both serum and peri-
toneal fluid (:md pre sumdbly, issue ﬂuxd:)

o 73"0(»»* Bid, I’ \\ Iioehem, J., ](‘" ')'5 725,
B8tennsky, I drch crps Patlh w, Pharmalkol., 1615, 78, 129,
4 Monengriettd, Lo, RBiochim. e Tf'ra;'. sper,, 10207, 1, 116,

S Pribyi, K, ('m-rpt rend. Soe, de Riol,, 1920, 102, 258,
6 Sehmidn, G Lo Al and Greenberg, DL M., Physiol. Rev,, 1935, 13, 297,
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" French Translation

The Action of Magnesium on the Excitability of
the Sympathetic Nervous System
Rene Hazard and Lise Wurmser

Compt. Rend. Soc. de Biol. 108: 944-946, 1931

1. Cardiac Accelerators
_The influence exerted by magnesium chloride on tﬁe excitabil-
ity of tﬁese nerves in the dog is delayed following applying an induced
current or adrenaline,
(a) Electrical excitation
Because of the depressing effect exerted by magnesium on cardiac
rhythm in particuiar, after each MgCly injection, the relative

acceleration obtained must be evaluated, always together and identi-

cally, for all the excitations of the anterior branch of the Vieussens'

annulus. We showed that weak doses of MgClgy (0,01 to 0.05 g MgClo/kg)
given intravenously slightly increase the heart's response to the
excitation of accelerators and that on the contrary strong doses
(0.10 g MgCly/kg and more) tend to decrease it. |
(b) Effect of adrenaline

A vagotony of atropinization was performed on dogs in order to
suppress the excitation of the.vagus reflex produced by adrenaline
hypertension. Under the influence of MgCly, and up to large concen-

trations of this salt, one sees that the same dose of adrenaline

strongly and gradually increases accelerating action. - This increase
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due to the effecgiof the adrenaline asserts itself at the time

when the heart's response to the electrical excitation of accelerators

remains practically normal or is even diminishing.

2. Vasoconstrictors

The arterial hypertension produced by the electrical excitation of
the viscera is weakened in intensity and duration by strong doses of MgCly,
It is relatively more a very attenuated renal vasoconstriction, very brief
particularly as related to the normal, whereas its arterial hypertension
cirve is still practically normall,

Finally we find that strong doses of MgCly considerably lessen the
hypertensive action of nicotine.

Conclusion

Whereas large doses of magnesium chloride hardly affect the electric
excitability of cardiac accelerators, they increase the accelerating action
of adrenaline, They exert a depressant effect on»the viscera and the

vasoconstrictors, especially the kidney.

1. It is necessary to note in 2, in addition to the diminutioﬁ of the

renal vasoconstriction, the repression of the adrenaline excitation of the

vagus reflex by MgCl,,



Dog 0’ 6.6 kg; double vagotomy -

Number of cardiac contractions in 10 sec.

Without By excitation
excitation from accelerators

By action
of adrenaline

Maximum acceleration per 100

By excitation By
from accelerators action

the
of adrenaline

28 37
28 -

Magnesium chloride 0.01 g/kg

25 -
25 37

Magnesium chloride 0.01 g/kg

18 -
20 29

Magnesium chloride 0.01 g/kg

13 R
16 22

28

32 -
— 25
- 40
48 -—
- 66
45 -
_— 115
37 -

80¢
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Do D e NESEYE PR ENCEEAETL T T Sy PRI Y,
par Bt Hazann o P Wornvsea,
o Lo entbeties ensdiogies. - Llinflnence que fecldorre de

stestiin exerce cher e Clien sur Peseitabilild de ces nerfs
iflore <uivant que Fon fait agic les conrants induitz on Padré-

Hatine.

s frcition, Cleeteionie. - Ty raison de Paction dépressive que
e maenesinm eseree particutirement sur b rythime cardiaque,
B Lt e chadque injection de MoCEL el panr tontes les exei-
tations. tovjonrs identiqees enlre elles. de 1o branche antdérieure
de Uannea de Vieussens, avaluer Paeedlération velative obtenue.
e cotstade e des Taibles dases oo voand er. Mol par Kgr.
voie intraseinet-c ancmentent adrement a véponse du caruy a
Fescitalion des aceclératenrs ot que fes doses fortes 0,10 gr.
Mo par ke, el davantire? fendent au conlraire o a diminuer.

W Aetion de Uededualive, - on apdre chey e Chien vagolo-
nyisé ot alrepinisé pour suppritner Pescitation vagale réflexe pro-
duite par Plivpertension adrénalinique. Sous I'influence  de
MeCE et jusqu’d des concentrations eonsidiérables de ce sel, on
woit une meoe dose dadreénaline acerveitre forlement et pro-
vressivement son action accélératrice. Cette aurmentation d'ac-
tien de Cadrénaline s affirme au moment oft la véponse du coeur
A Pexéitation dlectrigque des accélératenrs reste sensiblement nor-
male on mi'me esl en décroissance.

Chien o 6.0 kee.: vagolomie double,

o
Nembre de eontractions cardia ues en 1t secondes Accclération maxima p. 100
— _
far excitation Paraction bar excitation Par action
Sans evcilation  des accelitalours  Je fadreralire des acediérateurs  de Yadrivaline
a8 3= 32
ag KH) 25
Chlovue de magnésium o.01 gr. par ko
23 35 ho
v 3- 18
Chlornre de magnésium o.1o gv. par ker.
18 3o - 66
20 o9 45
Chloture de magnésivm oo gr. par kor.
13 28 ' 115
1% 22 35

2%} Vasoconstricieurs. — L'hypertension artérielle produite par
Pexcitation électrique du splanchnique est affaiblie en intensité et
en durde par les doses fortes de MgCl*. Elle est relativement plus
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wouchée que Vaction hypertensive de Padrénaline. De méme,
WeCF affaiblit et surfoul abrige la vasoconstriction  rénale
splanchnique ou adrénalinique. Cet atfaiblissement  des  effets
vasoconsiricteurs est d'autant plus net que la dose de MeCF
injectée est plus forte, Il peat conunencer a se maniflester avant
que MeCl® ait encore abaiss¢ notablement Ia pression, ce rqui
permet de lattribuer 3 une inhibition portée sur le svmmpathiqne
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Action de MgCl2 sur T'excitabilité des vasoconstricleurs par Padrénalips
Chienn @ . 8 hgr, — Respitation arliticielle, vagues intacts, Tracéd oncowia-
lique du rein, Pression carotidienne avee vepére 4 g em, Hg. '!\'mp: en
-eondes.,

Hn 1 comme en 2, Uanimal recoit en x Ad. 0,03 mgr. d'adrénaline en tout,
otre et 2, on ui g dnjecté o000 gr. de chilorure de magndsinm pur kor,
car la voie intraveineuse.

sxenlaive el non pas seulement i Paction dépressive ot fry po-
msive de MaCE qui ) elle aussi, <"affirme en proportion des doses
sjectées 1 jamais on nlobserve o disparition tatale de lout effet
asoconsteictenr sussi forle que soit quantite: de MeClFF gque
Canunal peal supporter,

Lraction inhibiteice de o sol sur Lo mpathigue semble Texep-
s assez dlectivement sue les vaiseeans du rein, On peuat parfois
custater en effet igure ci-contre) que Padeinaline provogue

=3
@
&
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nne vasoconstriction rénale rés atténude, trés bréve surtout pm
rappert au normal, slors que sacourbe dhypertension arlériells
e<t encore sensiblement nevmale (10

Notenes enlin e fos doses forfes de MeC) nlnmwnl rons

P JL AU B T 1 I ] IR 1. p
ASSAS IER R D AR & LN B Toad ' HElM ”\I” 1\' -2“\( 11 Foi 1 1
Conchision, - Te ebilornre de magndésium & rimu fortes, alors

qu it touche pen Texe ll.llnhh- ¢lectr “l”" des acedlératenrs e
diagues, auginente Paction aeedlérateice de Padeénadine, Hoexeree
une action dépressive sur le splunchaique cf les vasoconstricteins,
surtout ceux du rein.

(Lahorataire de¢ pharmacalogie, Faculté de médecine.)

SUR LA CROISSANCE RESIDUELLE

2

DES CULTURES DE FIBROBLASTES
par Bonis Lennrussy et Gronrces TrissigR,

La croissance résiduelle des cultures de fibroblasles est asscz
réoulicre ot assez simple pour qu'on puisse tenter d’en donner
une analyvse guantitative,

Les phidnomones que nous nous proposons particulicrement
d’interpréter, el qui onl déji été signalés pur Pun de nous (1*),
s'obzervent lorsque Von repique, dans un méme flacon Carrel.
deux fragments de surface inégale prélevés sur une méme cul-
ture nowrrie et lorsque Uon entretient ces nouvelles cultures sans
feur fournir d’extrait embryonnaire,

On constate dans ces condilions que, d'une part, le rapport
des zurfoces maxima alteintes par les denx cultures est égal au
rapport des surfaces initiales des fragments ensemencés, et que,
d’antre part) la taille limite est atteinte d’antant plus rapidement
que la surface originelle de la culture est plus petite. Une con-
séquence immdédiate de ces deun faits est que le rapport de la
surface de la grande culture 3 la surface de la petite passe par un
minimum, pour reprendre & la fin de Uexpérience la valeur
meme «qu’il avail i son début.

Parmi Jex nombreux facteurs qui, 4 des titres divers, peuvent
intervenir dans la croissimee des cultures, deux sermblent avoir,
dans le cas qui nous oeenpe, un rale particnlitrement déceisif.
Le plos important est Pépuisement graduel de certaines sub-

50T S nefer en oY, outre la diminulion de la vasoconsiriction rénale, fu
stuppression par MeC]? de Pexcitalion vagale reflexe adrénalinique,
ST B dpheussi, S0 R de DAeed, des sen, 1035, 1.0 192, pLo15762.

80¢
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The estimation of magnesium
by atomic-absorption spectrophotometry

A wide variety of methods have been emploved for the estimation of magnesium
in biological materials. All of these have suffered from the disadvantage that other
substances present are liable to interfere. The principle of atomic absorption spectro-
photometry, which was suggested by WAaLsH?, offers greater sensitivity. Dawsox
axDp Hearon: applied this principle to the determination of magnesium. In this,
light from a magnesium source is passed through a flame into which solutions con-
taining magnesium are aspirated. Some of the resonance radiation is absorbed and the
absorption of light at 285 mu1s compared with that of a standard magnesium solution
treated in the same manner. This appears to giverisetoa much more reliable method.

The apparatus employed by us consisted of the Hilger and Watts atomic absorp-
tion attachment which was used in conjunction with the Optica Spectrophotometer.
The atomic absorption attachment can easily be aligned with the Optica; any slight
adjustment in height being made with wooden blocks. The lamp housing of the Optica
is moved to one side so that the atomic absorption head is in direct line with the
optical system of the Optica.

Propane was used as the burner gas supply and initially the rate of flow was
controlled by a two stage reduction valve. However, little or no agreement was ob-
tained between sets of standards run on different days. This was traced to alterations
in the flame concomitant with gas pressure variations. It was only when strictly
controlled conditions were applied that good reproducibility was obtained. The outlet
pressure on the two stage valve was maintained at 5 1b/sq. in. and the gas was then
passed through a rotameter to ensure very fir.e adjustment. The reading on the rota-
meter, which was calibrated for oxygen, was set to 300 mi/min.

Similar trouble was encountered when the pressure of the air supply to the ato-
miser was varied. Using the strictly controlled propane fow it was found that altera-
tions in air pressure greatly affected the readings obtained for standard solutions of
magnesium. The control of the air pressure was therefore brought about by a two
stage reduction valve and the optimum air pressure was found, by trial and error,
to be 20 1b/sq.in. It should be pointed out that it was necessary to alter the height
of the burner each time that any change was made in the air or gas supplies to ensure
that the light from the magnesium lamp passed through the optimum part of the
flame. Once the optimum condition of flow rates for air and propane had been deter-
mined no further alterations were required in the burner height or the rates of flow
of gas.

_ Standard solutions of magnesium were made up using magnesium sulphate
(MgSO,. 7H;0; Analar). An initial stock solution containing 10 mg Mg/100 ml (8.3
mequiv. Mg/l) was used and this was diluted to give a solution of 1 mg Mg/100 mi
(0.83 mequiv. Mg/l). Dilutions to cover the range 0.01 to 0.10 mg Mg/1o0 ml (0.00%
to 0.08 mequiv. Mg/l) were prepared immediately before use.

‘The solutions used were acidified with hydrochloric acid as suggested by Dawso~
axD HEaTON®. At the recommended gas flow rates for the estimation, alteration of
the hydrochloric acid concentration of the solutions over a wide range, namely from
approximately 0.t N to 1.2 N, did not affect the results obtained either with the

Clin. Chim. Acta, 8 {1963) 974-97°
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The Estimation of Magnesium in Plasma, Muscle and

Bone, by Atomic Absorption Spectrophotometry

B. J. Hunt

The use of the EEL 140 atomic absorption spectrophotometer for the determination
of magnesium in plasma, skeletal muscle, and bone is described together with an
examination of the pattern of chemical interference in each type of sample. The
sampling procedure and preparation of each kind of sample for analysis is detailed,
and recovery studies on plasma bone and muscle are presented. The mean value for
plasma magnesium in 42 normal men and women was 2.16 mg/100 ml = SD of 0.08.
For 30 male Wistar strain rats, the plasma value was 2.10 mg/100 m! £ 5D of 0.18.
In 15 normal postmortem human muscle samples, the mean magnesium content was
found to be 93 mg/100 g of dry wuscle, the series range being between 83 and 101
mg/100 g. The comparable value in 49 male rats was 125 mg/100 g dry weight
*+ SD 1.8. Bone magnesium in femur diaphysis of 20 male rats (average weight
200 g) was 563 mz/100 g dry weight = SD 12.7. It is concluded that this instru-
ment;, when operated in the manner suggested in our study, is technically easy to
use, and gives precise, sensitive, and reproducible results for magnesium in a variety
of biologic material,

THE TECHNICAL DIFFICULTY of measuring magnesium in biologic
material has been the main source of the obscurity which still shrouds
magnesium metabolism studies in the human and animal organism.
Since Walsh’s original publication in 1935 (1), however, the use of
atomic absorption spectrophotometry (AAS) for the determination of
magnesium has received wide acclaim (2-7).

This paper describes our experience with the EEL 140 (Evans
Flectroselenium Ltd) atomic absorption spectrophofometer, which was
used to determine magnesium in plasma, skeletal muscle, and bone.
Studies designed to detect the pattern of chemical interferences by
other ions in each type of sample are included, together tvith sampling
technics and recovery studies. Normal values for human and rat plasma

Trom the Departuent of Physiology, University of Ottawa, Ottawa, Ont, Canada,
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and skeletal muscle magnesium, aud rat bone magnesium, are also
presented.

Materials and Methods
Apparatus and Operating Procedure

The theoretic considerations underlying the operation of the ELRL
140 are the same as for any absorption spectrophotometer and, as
such, have been deseribed clsewhere (8-12). The REIL 140 is one of
_the smallest and Jeast expensive spectrophotometers presently on the
market and can be operated by technicians with a minimum of training.
. Iixperience has tanght us to observe the following modifications of the
technic set out in the instroction manual for operation at maximum
sensitivity:

1. At least 40 min should be allowed for lamp warming before
starting operations. The burner should be lit for the last 10 min of
this time, and water at room temperature should he aspirated for the
last 5 min. This last procedure maintains a constant operational
temperature in the aspiration channels and brevents falsely high
values from occurriug in the first few standards from a temperature.
dependent increased aspiration rate,

2. A small air compressor, which also filters and dries the air, is
preferable to eylinders of compressed air. The latter are cconomically
disadvantageous. Dry air is essential in order to prevent variations in
reading duc to seasonal changes in humidity. ’

3. Finc adjustment of the burner is mechanically impossible. It has
been proved impracticable, therefore, to use the metrie scale for the
““direct readout’ measurement of concentration as snggested in the
manual, The burner should be rotated to obtain the maximum forward
deflection for any eiven standard aud not moved again during the
session of analysis. _ ,

4. Maximum sensitivity is achieved by tuning intp the peak of the
wave length as described in the manual. The wave length registered
at the peak absorption may be anywhere from 2830 A to 2875 A, al-
though the magnesium wave length is 2832 A. The importance of
operating always at the peak of the wave length is illustrated by Fig 1.
.This shows an absorption spectrum of a standard magnesium selution
containing 0.8 ppm (parts per million: 0.8 pg/ml) over, ware lengths
ranging Detween 2400 A and 3300 A. The peak of the absorption
curve is needle sharp and occurs, in this instance, at 2348 A. It clearly
ean be seen that reading a fraction away from the peak will markedly
decrease sensitivity—eg, if the sample were read at 2350 A, a devia-

o

tion of under 0.1% exists, yel gensitivity will decrease by 25%. Thus, -
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retuning should be carried out several times during a normal session
to assure the maintenance of maximum sensitivity,

5. The aspiration rate must also be maintained constant for opera-
tion at full sensitivity. The actual aspiration rate depends again on

60 f
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Fig 1. Absorption curve of a reference standard containing 0.8 ppm of magnesiuim.

individual aspirators but usually lies between 6 and 9 ml/min. We have
found repeatedly that the major source of reduction in sensitivity is
nearly always due to a blocked or faulty aspirator.

6. Both the slit width aund air/acetylene pressure should be adjusted
to obtain the maximum forward deflection of the meter needle for any
given standard. Exact values will vary according to the instrument and
even in the same instrument following part replacement.

Reagents and Preparation of Standards

Treatment of Water

Fresh glass-distilled water which had been passed through a mixed
cation exchange resin bed was used for the final rinses of all glass and
plastic (Nalgene) ware. I'or the preparation of all standard solutions,
a further distillation in Yoe's glass distillation apparatus was carried
out on the resin-treated water. This water was designated as *“top
‘quality water’” and contained no detectable calcium, but 0.01 mlq/L
of magnesinm, which value remained unchanged throughout further

distillation. )
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Storage of Samples

Nalgene ware was used exclusively in the preparation and storage
of all samples and solutions. In cases where the use of glass apparatus
was essential, for example, the use of volumetric flasks or glass test
tubes for separation of plasma from whole blood cte., transfer of
samples to Nalgene containers was ecarried out promptly, so that
minimal contact with glass was assured.

Whole plasma samples were stored in the refrigerator at 2° if
analysis was to take place within 24 hr of collection, otherwise, samples
were frozen. No loss of magnesium was found to occur up to 12 months
(maximum time observed) in these samples. However, diluted plasma,
cven at a dilution of 1:2 when frozen and stored, showed a gradual
loss of up to 25% of magnesium over a 6-month period (see Discussion).

The magnesium eontent of musele and hone remained unchanged up
to 12 months when frozen, and coneentrated solutions of both samples
will also keep satisfactorily if frozen—eg, the original 10 ml which
contains the sample after ashing. Weaker dilutions show a gradual
reduction in magnesium content as seen in the diluted plasma.

Magnesium Standard Solutiens

1. Preparation of Stock Standard Solution from Magnesium Metol Rod

A solution containing 1000 ppm of magnesium (1000 g /ml) wasmade
from magnesium metal rod as follows. The metal was seraped free of
magnesinm oxide until shining, at which time a portion was sawed off.
Fixactly 1.00037 g (magnesium rod is 99.963% pure magnesium) is
weighed out in a taved weighing vessel and quantitatively transferred
to a 1-L flask with 2 m] of top quality water. Five milliliters of 3 N
redistilled HCI are then added, which is sufficient to dissolve all the
magnesium metal present. When cool, the solution is made to volume
with top quality water and transferred to a Nalgene airtight container
and stored at 2°.

2. Preporotion of Moagnesium Stondards from a Mognesium Reference Solution

Detailed comparative tests between the concentrated standard solu-
tion prepared from magnesium metal as above and an atomic absorp-
tion reference solution (Fisher Scientifie Company) of 1000 ppm (1000

g/100 ml) of magnesium ion gave identical results in all respects.
This commercial standard solution, therefore, is now used routinely
for preparation of all magnesium standard solutions.

Dilution of the reference standard is carried out as follows: 10 ml
of the concentrated stock solution is diluted to 100 ml with top quality
water, and 10 ml of this solution is further diluted to 100 ml This re-

34
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" gults in a final solution of 10 ppm (10 pe/ml). Working standards cou-

taining 0.2-0.5 ppm (0.2-0.8 pg/ml) are made by diluting 2, 3, 4,
5, 6, T, and 8 ml of the 10 ppm solution to 100 wl. Although the 10 ppm
solution can be obtained by diluting 1 ml of the stock standard in
100 ml of water, we found the 2-step preparation of the 10 ppm solu-

‘tion and the initial use of a relatively large volume (10 ml of original

stock solution) gave results so consistent that the standard curve does
pot change from month to month. Working standards are prepared by
direct dilution of the concentrated 1000 ppm solution, and the inter-
thediate dilutions arc discarded. The standards are prepared freshly
every 3 weeks, or when the level of fluid in the 125 ml Nalgene con-
tainer measurcs an inch or less.

The standard curve routinely used contaius maguesium 0.2-0.8 ppm,
in water or 0.0% (w/v) Janthanum chloride, depending on the sample
to be analyzed (sce below). A straight line was obtained over this
concentration range in both diluents. Three typical standard curves
of magnesium in water and magnesium in 0.5% LaCl,, with and with-

out HCL, are shown in Fig 2. 3

3. Preparation of Sfock LaCly Solution
Lxactly 144052 g of LaCl; (purified, Fisher Scientific Company) is
ighed, placed in a 9L, volumetric flask and made to volume with top

SCALE
READING
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L -——a Mg**in 0.5% LaCly
20% // : o—.—-e Mg' in 0.5% LaClz*
' ,;.4'" 0.01N HCI
4.:-” v
ot ,f"'
P .
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Fig 2. Standard curves of magnesium absorption in water, 0.5¢% TaCls, and 0.5% LaCl.

with 0.01 N HCL
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quality water. This 5% stock solution is hen allowed {o remain af
room temperature overnight and is then filtered through fine chemically

clean glass wool and stored in a Nalgene coutainer at 0.2, Tey milli-

liters of this solution is added to each 100 ml of tissue and bone work-
ing standards so that the final concentration of Lanthanum js 0.5%.

4. Preporation of Stock Electrolyte Solutions for Use in Chemical Inferference Studies

Calcium Reference Solution 10,000 ppm (10 mg/ml) (Fisher Scientific
Company) This solution was diluted so that the working standard
contained 100 ppm (100 pg/ml). '

Prunary Sodium Phosphate (Nall, PO, II,0) Reagent Grade (Fisher
Scientific Company) 26.7352 ¢ of this salt made up to volume in 1 L,
of top quality water gives a solution containing G000 ppm (6000 pg/ml)
of inorganic phosphate.

Potassium Clloride (KCl) Reagent Grade (Iisher Scientific Com-
pany) Stock solution contained 1000 ppm (1000 pg/ml) of K; this
was obtained by dissolving 1.90702 g of the salt and making up to
volume in 1 L of top quality water.

Sodium Chloride (NaCl) Reagent Grade (Fisher Scientific Com-
pany) A stock solution containing 1000 ppm (1000 pg/ml) was made
by dissolving 2.54237 ¢ of salt in I L of top quality water.

Protein Two preparations of human albumin were used for these
studies: (1) 25% (w/v) of normal serum albumin contained in a salt-
poor, buffered solution (Connaught Medical Research Laboratories,
Toronto), and (2) human albumin powder, Grade 3 (98% pure) Sigma
Chemical Company. Stock solutions containing 100 mg/ml were made
from each preparation. No difference on magnesium absorption was
observed between the two solutions. :

These electrolyte and protein solutions were diluted to obtain the
varying ratios (measured as pg/ml of salt to magnesium required as
shown in Table 2 (see below). ' )

Preliminary Studies

1. Detection of Chemical Interferences ’

- The work of this laboratory is ¢oncerned with the measurement of
magnesium in a variety of biologic material, of both human and animal
origin. The main purpose of the preliminary experiments, therefore,
was to detect possible chemical interference by major electrolytes
present in each kind of sample to be analyzed. For this purpeose, rat
and human values of all the major electrolytes—sodium, potassium,
caleium, phosphate, and magnesium—in serum, muscle, and hone were
obtained from the literature (Table 1), and the maximum ratio of each

3
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standara solutions or with sera. For the estimation, 0.1 ml of serum or standard
was pipetted into approximately 4 ml of distilled water, 1 ml of concentrated hydro-
chloric acid was added and the volume made up to ro ml with distilled water.

The various standard curves obtained with different flow rates of propane and
different air pressures are shown in Fig. 1; the marked effect of the pressures on the
results obtained is evident.
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l’igA 1. Varjation in standard curve using different flow rates of gas. (A) 20 Ibfsq.in. air and 300

ml/min propane; (B) 15 Ib/sq.in. air and 300 ml/min propanc; (C) 15 lb/sq.in. air and 230 ml/min
propane; (D) 2o lb/sq.in. air and 250 ml/min propane.
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Fig. 2. Mean standard curve obtained. The horizontal bars indicate the upper and lower values
of 40 different estimations at each point.

Fig. z shows the variation obtained when the standard curves were set up and
determined on forty different occasions. The continuous line is the mean value of all
the readings and the horizontal bars indicate the maximum and minimum values
obtained at each of the points. The standard deviation of the results obtained when a

serum suraple, containing 1.8 mequiv. Mg/l, was set up and determined forty times

was 4 29.

The main sources of interference in existing methods of estimating magnesium
are protein, sodium, potassium, calcium, phosphate and chloride ions and the possible
effects of these substances on the present method were investigated.

The addition of albumin to the standard solutions to give final protein concen-
trations ranging between 0.1 mg albumin/m! and 2.0 mg albumin/ml did not affect

“ Clin. Chim., Acta, 8 (1963} 974-976
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the readings obtained. Working on the basis of a 1 in 50 dilution for serum, the above
protein solutions would be equivalent to initial serum albumin concentrations of
0.5-10.0 g/100 ml. This range is much wider than that likely to be met in clinical
conditions. The only obvious effect of the addition of the albumin was the more
uniform wetting of the spray chamber.

Sedium chloride was added to the aquéous standards in concentrations ranging
from 2 mequiv. Na/l to 3.5 mequiv. Nafl before the magnesium was determined.
These sodium concentrations, allowing for an initial 1:50 dilution for serum, are
equivalent to 100-175 mequiv. Na/l. The sodium present did not interfere with
readings obtained. Similar results were obtained when potassium chloride was added
to give final concentration of 0.03 mequiv. K/l to 0.15 mequiv. K/ (i.e. equivalent
to serum potassium concentration of 1.5-7.5 mequiv. K/I). ‘

The addition to the aqueous standards of calcium.chloride in amounts equivalent
to initial serum concentrations of 2.5-7.5 mequiv. Cafl similarly did not alter the
results.

By the addition of phosphoric acid to the standard samples it was shown that the
concentrations of phosphate likely to be encountered would not affect the resalts.

When serum samples were de-ionised by passage through an ion exchange
column (cation exchanger I.R. 120) no readings were obtained by our standard
procedure. Magnesium sulphate, varying in amounts from 0.008-0.08 mequiv. NMgll,
was added to 20 samples of de-ionised serum and the recovery of the added magne-
sium was found to be g8 4 2%,

The recovery of magnesium when added in similar amounts to 20 serum samples
" was found to be g6 4+ 2%,

Similar findings were obtained with de-ionised and also untreated urine.

Department of Clinical Chemistry, ' D. B. Hory
University of Newcastle upon Tyne, ‘ A. L. LATNER
Royal Victoria Infirmary, _
Newcastle wpon Tyne (Great Britain)

VA, WaLsH, Spectrochim. Acta, 7 {1955) 108.
: J. B. Dawson axp F. W. HeaTox, Biochem. J., 80 (1961) 99.

Received July z2oth, 1963 _
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A manifold for drying organic solvent extracts
vnder reduced pressure

Evaporation of organic solvents from multiple extracts of biological materials
is very tedious and time consuming. To facilitate this procedure a simple manifold
handling up to 6 samples simultaneously has been developed in our laboratory.

Evaporation is carried out under reduced pressure. A valve controlled air or

gas leak ensures even evaporation and prevents accidental losses of the extract by
spurting.

Clin. Chim. Acta, 8 (1963) 976~978
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Table 1. MaxiMUs AVERAGE ELECTROLYTE VALUES FOR SERUM,
SKELETAL MUSCLE, AND Boxe* :
T - -

Auterind Mg** Nat K* PoOy= Cn**
e —
Serum 2 320 20 4 10
(mg/100 mb)

Skeletal muscle 2! 83 420 240 ]
(rmg/100 g wet weight) .
Compact bone ¥ 700 312 13,000 30,000

(g /100 g dry wetght)

RS

* These figures are approximate and represent both human and rat values.

The main source of these data is Widdowson, E. M., and Dickerson, J. W, T.
«Chemieal Composition of the Body’' In Aineral Metubolism, Yol. 2\,
C. L. Comar and F. Bronaer, Eds. New York: Acad. Press, 1904,

Table 2. RaTio OF ELECTROLYTES TO MAGNESIOM IN SERUM,
SKELETAL, MUSCLE AND Boxe

Source Mo** Na* K* PO Cat** Protein
[ —_ 4___'___—__—-—______.__.—-———
Serum 1 160 10 2! b 4000
Skeletal muscle 1 4 18 10 <1 *
Bone 1 1.3 <1 26 1 60 . -

e

!

e e e o

e em
* Not present in final preparation.

ion to magnesium was calculated on a microgram basis (Table 2). In
addition, two concentrations of the purified . plasma human albumin
were also investigated in concentrations of 8 /100 ml and 4 g/100 ml
of plasma. -
Tnterference studies were carried out by observing the effect of each
individual ion when present in the standard solution in ratios up to
and exceeding the maxiraum ratio ohserved in any particular tissue.
For example, to observe the effect of phosphate on magnesinm absorp-
tion, solutions containing phosphate in ratios to magnesium of 2:1,
10:1, and 50:1 were added to magnesium standards containing 0.2-0.8
ppm (0.2-0.3 pg/ml) and the samples were read against a standard
" eurve containing magnesinm 0.2-08 ppm in water. Similar studies
were carried out with caleium, sodium, potassium, and protein. The
results of the studies ave shown in Table 3. o e
1t is seen that calcium, even when present 1n a concentration X100
of that of magnesium, has no effect on magnesium absorption, while
phosphate increases maguesinm absorption even when present in a
ratio of 1:2. This cffect increases when phosphate is preseflt over a
ratio of 1:20. Sodium has only slight cltects on the absorption ol
magnesiun, and this occurs only when sodium is present. in a ratio
~over 1:100, as would be found in seyum. Similar findings are seen with
potassium, although in this case potassium must be present in con-

SR
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Table 3. E¥rect oF S1NGLE ELECTROLYTES ON MaGNESIUM AusorprioN

Fr (albumin)*

P Na K Apparent Real
Ratio to Mg Ca (%) . (%) (%) (%) (%)
1:1 NE - - NE —
1:2 —_ + 7.5 —_— — _— —_
1:5 NE — NE — — —_
1:10 —- + 7.5 - NE —_ —
1:20 — + 7.5 NE NE —_ —
1:50 NE +10 —_— —_ — —
1:100 NE —_ +2.5 +2.5 — —_
1:200 — — +2.5 — N —_
1:2000 — — — — + 9.5 <2
1:4000 — — — - +19.0 < 2

Figures refer to ¢, change in absorption compared with standard magnesium solution containing
0.4 ppm (04 «g/ml); NE = no effect.
* See text.

centrations exeeeding its content in serum, skeletal muscle, and bone,
the figure of 1:100 being related more closely to the ratio of potassinm
to magnesimmn in red hlood cells. Maximum deviation was found when
protein was added to maguesium standard showing an enhancement
directly proportional to the concentration of protein in the solution.
This finding is discussed in detail below.

2. The Effict of Suppressant Agents

The interference studies were repeated in the presence of two sup-
pressant agents at two strengths, namely, strontium chloride 0.5% and
1% and lanthanum chloride 0.5% and 1%. Marked fluctuation in values
was observed when SrCl, of both concentrations was used, and mno
consistent pattern emerged during the interference studies. The main
reason for this was found to be clogging of the burner which took
place with even the 0.5% solution after 5-10 min operation of the
instrument. Lanthanung chloride, however, completely suppressed the
enhanced ahsorption of magnesiam seen in the presence of potassium,
sodium, and phosphate in all bone and soft tissue solutions. The use
of SrCl,, therefore, was abandoned, and LaCl, in a final concentration
of 0.5% was subsequently used in the magnesium determinations of
hoth musele and hone samples, Neither Suppressant, however, had any
cffect on the considerable enhancement of magnesium absorption by
protein. Previous experiments in which plasma protein had been
precipitated hy 109 trichlorvacetic acid had shown not ouly a loss of
up to 20% of magnesium in the protein-free filtrate, hut also values
which varied greatly with degree of dilution (see Tig 3). Removal of
plasma protein, therefore, did not appear to be the ideal solution to

e
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{he problem. IFortunately, further examination of the two commercial
albumin preparvations showed that they were hoth heavily contaminated
with magnesium, which amounted to 0.6 mg/100 ml in an 8% solution.
f'he actual cnhancement of magnesimm absorption by protein was

-
Plasmo
Mg** mg/100mi
100 2.0 22 24 26 28 30 3z 234
A 1 1 Y 1 i iy i 1.
L i
moo—W
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Mean plasma magnesium of six samples (£5.D01mgf100ml) estimated
by EDTA ond eriochrome block T complexiometric titration.

Plasma deproteinised by IOXTCA precipitatian,supernatont diluted in
strontium chioride (final concentration at each dilution = 0.5%)

Plasma deproteinised os ahove,supernatant diluted in distilled water,

0E ¢ §

Whale plasma diluted in strontium chlaride (final concentration at each
dilution=0.5%)
Whole plasma diluted in distilled water

Fig 3. Magunesium concentration of pooled plasma estimated in the presenceAahd ahsenee of 3
protein and strontiwm chloride, at various dilutions.

found to be under 2% when correction was made for this artifact.
Subsequent studies were carried out, therefore, on whole plasma and
diluted distilled water. .

The effects of dilution and sample size on the precision of plasma
“magnesium estimations were investigatel as follows: Plasma samples
ranging between 0.1 and 4.0 ml were dilnted by factors varying from
10 to 100 with top quality distilled water. ISach dilution and reading
was done in duplicate. Results showed that the maximum variation
between duplicate and/or samples was under 1%. Thus, precise and
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reproducible results can be expeeted when suwples ranging between
0.1 and 4.0 ml are diluted by a factor of up to 1:100. In terms of the
actual concentration of magnesium in the sample, this represents 0.2-
0.8 pg/ml. In practice, a sample size of 0.2 ml of plasma is used, which
1s made to volume in a 10 ml volumetrie flask by top quality water.

- Estimation of Plasma Magnesium

1. Sampling Technic; Human Subjects

Approximately 5 ml of venous blood was taken without tourniquet
from the antecubital fossa of normal subjects (healthy students and
laboratory personnel) with a dry, chemically cleaned syringe (the skin
was allowed to dry thoroughly after aleohol application before venesec-
tion). The needle was removed from the syringe, and the blood placed
in a glass test tube coated with dry Heparin which had previously
heen contained in 3 drops of a 1% heparin solution. The blood was
centrifuged within 20 min of venesection, and the plasma was separated
and placed in polyethylene test tubes. If samples were to be estimated
within 24 hr, the test tubes were stored in the refrigerator, otherwise

‘storage was carried out in the freezer at —20°,

Rat Samples .
Values reported here for rat plasma magnesium were obtained by

resection of the abdominal aorts of rat under ether anesthesia. The

sample volume varied from 3 to 10 ml of whole blood, depending upon
the size of the rat. Blood was collected into glass test tubes coated
with dried heparin equivalent to 3 drops of a 10% solution. It is of
interest to note, that in order to anticoagulate the same volume of
rat blood as human, heparin 10 times the concentration of that used in
humans was required.

2. Recovery Studies -

One milliliter of a standard solution was added to each of four 1 ml}
aliquots of pooled plasma, and contained one of the following concen-
trations of magnesium (as magnesium chloride) : 20 pg/ml, 10 pg/ml,
9 pg/ml, and 2.5 pg/ml. Each plasma aliquot with its magnesium salt
addition was diluted to 100 ml and read against the standard eurve of
magnesium from 0.2 to 0.8 ppm in water. The results, as shown in
Table 4 demonstrate a recovery rate of 99.5%.

3. Plasma Magnesium Yalues in Normal Humans and Rats

Plasma magnesinm in 42 normal men and women was 2.16 mg/100
ml = SD 0.00 mg (Table 5) and in 30 normal Wistar strain rats, 2,10
mg/100 ml = 8D 0.18 mg (Table 6). ‘
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Table 4. ILecovery STUDIES 0N PLasya MagNesios
- Afgtt added Mg** expected Mg+t estimated %
Sumplex (ug/ml) (mg/ 100 ml) (mg/100 ml) Recovery
Control (X3) — — 2.089 —_—
1 2.5 2.339 + 2,33t 99.7
2 3.0 2.589 2.572 99.3
3 10 3.089 3.086 99.9
4 20 4.089 4.050 99.1
MEAN RECOVERY 99.5

Estimation of Skeletal Muscle Magnesium
1. Sampling Technic

Immediately following death by exsanguination from the abdominal
aorta umder ether anesthesia, muscle samples between 700 and 900 mg
were dissected from the ventral thigh of novinal rats. The samples were
carefully but rapidly dissceted free of the sarcolema, ligaments, and.
other extrancous matter, weighed on a torsion balance, and placed in a
small chemically clean, airtight, polyethylene vial. These were placed
in the freezer within 3 min of sampling. The most suitable musele for
electrolyte studies in the rat was found to be the adductor magnus
which is situated immediately under the gracilis musele. This muscle
is usually entirely clear of fat and has only oue small tendon of inser-
tion and one nerve, which are easily removed. '

2. Preparation of Sample for Analysis

On the day of estimation, the sample was removed from the freezer
and allowed to reach room temperature. It was then quantitatively
transferred to a tared platinum crucible with approximately 1 ml of
top quality water, dried at 90° for 16 hr in a gravity oven, and for a
further 12 hr in a vacuum oven at the same temperature. The samples
were then placed in a dessicator to cool and weighed after a minimum
of 4 hr had elapsed. Dry ashing was carried out for 16 hr in a mufile
furnace, at a temperature of 600°. After cooling, 2 ml of 5 N redistilled
HCI was added to each sample, and the crucibles were then placed in
a water bath for 30 min. This procedure resulted in a completely clear
pale. yellow. solution which was then quantitatively transferred to
10 ml volumetric flasks with hot top quality water. The samples were
made to volume when the solution had reached room temperature.

As our preliminary studies had shown that 0.5% LaCl; was sufiicient
to suppress any interference by any other ions present in the sample,
the magnesium standards for tissue magnesinm were made to contain
0.2-0.8 ppm (0.2-0.8 pug/ml) of magnesium, cach in a final dilution
of 0.5% T.aCl.. In addition, each standard also contained 0.01 N HClin
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Table 5. Human Prasma/Serum Maeyestu

M VaLuks Estivared ny AAS From LITERATULE

Muagnesivm

No. Dilution Treviment SD 4
Study No. Ref, No. Yeur estimationa Plnsma Serum Juctor of protein Diluent {mg/ixi mf) my /100 md
b 4 1963 100 — + 1:20 TCA ppt* Water 2,12 0.13
2 13 1904 10 — + 1:50 None Water 2.60 0.21
3 14 1965 33 + _ 1:11 None SrCl, 1.92 0.14
4 15 1966 80 —_ + 1:10 TCA ppt Water 1.96 0.10
5 16 1966 54 — + 1:26 None SrCl, 2.06 0.13
6 17 1967 24 — -+ 1:17 Dialysis LaCl, 2.14 0.24
(automated)
7 Present 1968 42 + — 1:100 None Water 2,16 .08
serics ’
* Trichloracetic acid precipitation,
]
B !
o
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Table 6. MacyestUM ConTENT OF PLasyy, SKELETAL Muscre, anp Boxe
¥ THE MaLe Rar
No. of wet wi dry wt
Source Samples me/i00 ml £+ 8D (mg/100 ¢ £ SD) (mg/100 g = §0)
Plasma 30 2.10 £ 0.18 - — _
Skeletal muscle 49 —_ 30.03 0.43 125+ 1.8 7

Bone 20 — 484 +11.2 563 & 12.7

the final dilution, which concentration corresponds to that used for
digsolving the ash.

The dilution required for muscle weighing in the region of 750 mg
is 1:1000, and the final solution also contains 0.5% LaCl;. Thus, in
practice, 1 ml of the original 10 ml solution and 10 ml of a 5% LaCl,
is placed i a 100 ml volumetrie flask and made up to volume with
double distilled water. -

3. Recovery Studies )
Table 7 shows the result of the recovery studies when magnesium
(as magnesium chloride solution) is added in concentrations ranging
between 60 ug and 180 pg to dry homogenized pooled muscle samples
ranging in weight between 50 mg and 200 mg. The mean recovery rate

. was 99.27¢%.

A further study to test the reproducibility of both .the sampling
procedure and the analytic technic was carried out b:- analyzing left
and right adductor magnus muscle in 10 male Wistar strain rats
weighing between 250 and 320 g. These results calculated on a dry and
wet weight basis are shown in Table 8. It may be noted that these
values, which represent normal skeletal muscle magnesium content,
are considerably higher than those values shown in Table 7. The reason
for this is that the tissue fluid which was released during the homoge-
nizing procedurc was discarded so that the magnesium conteut of the
muscle used during the recovery studies was deliberately an ‘unknown.’

4. Normal Human Skeletal Muscls Magnesium

The mean magnesium content of 15 human skeletal muscle samples
was 76.3 mEq/kg dry wt. This value compares favorably with the avail-
able published data (Table 9). The samples were obtained from the
pectoralis major musele from 1-6 hr following death from trauma. The
ages of subjects ranged bhetween 13 and 80 years.

5. Normal Rat Skeletal Muscle Magnasium
The maguesium content of 49 male Wistar strain rats ranging in
weight between 250 and 530 g was 30.07 mg/100 g wet weight = SD

043 (Table 6).
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Table 7. Recovery Strpies ox MuscLe MaGyesiom

Magnerium (7))

- Recovery
Sample No. Dry uwt (g} Estimated Culculated Added FEzxpected Estimated (%)
CONTROLS ~
1 .19443 148.9 — — — —_ —
2 :19485 148.9 — — — — —
3 19587 150.0 - — _ - —
4 9631 130.0 — — - e
! EXPERIMENTS
J .04939 _— 37.78 180 217.78 215.37 98.89
6 .04990 — 3817 180 218.17 215.37 98.72
7 L10664 — 150.43 120 270.43 270.32 99.96
8 .19800 —_ 151.47 120 271.47 270.32 99.58
9 09721 — 74.37  , 120 194.37 193.09 99.34
10 09756 — 74.86 120 194.86 194.57 99.85
11 .14510 — 111.00 60 ug 171.00 169.32 99.02
- 12 L14553 - 111.33 60 rg 171.33 169.32 98.83
MEAN RECOVERY » 99.27

Table 8. Comparison oF Maaxesium 1x Patrep SamrLes oF Rat SKELETAL MuscLe

Mg/100 ¢ wet weight Alg/100 ¢ dry weight
Sample No. R thigh L thigh . Rithigh L thigh B
1 30.10 29.71 119.3 122.3
2 28.87 29.23 121.9 124.1
3 29.08 30.12 121.7 126.6
4 20.25 29.34 123.6 124.0
3 30.42 - 30.35 126.5 126.9
6 30.47 30.59 125.9 125.1
7 29.14 30.27 121.6 124.6
S 29,53 30.63 126.1 126.9
9 29,10 30.17 123.7 126.5
10 29.006 30.13 - 1239 124.9
1n S 9,00 28.82 122.2 119.5
12 ‘ 29.18 29,67 " 12009 123.3
Table 9. ITumax SKELETAL MuscrLe MacNEsivM
No. of Mean value Mg**
Authors " estimations {mg/100 g dry muscle) Series range
Dickerson & Widdowson (I8) 3t 98 81-102
3t 101 90-116
Maclntyre ¢ al (19) ) -+ 86.0*§ 77-95
Present series 15 03 83-101

¢ Caleulated from author’s data,

1 Minimal hemorrhage before sampling.
$ Severe hemorrhage before sampling.

§ Estimated on dry fat free musele.
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Estimation of Bone Magnesium
1. Sampling Technic -

The midshaft of the right femur in each rat was isolated and scraped
completely free of muscle, periosteum, and ligaments with a sharp
scalpel. Each bone was then split longitudinally and opened using

micro bone cutters—a procedure which usually produced three frag- -

ments. The marrow was removed from each fragment by scraping
with a small scalpel blade. Subsequently, each fragment was cleaned
with a gauze swab slightly moistened with 0.9% sodium chloride. At
the end of this procedure, the bone was white and shining and com-
pletely free of blood. The fragments were wiped dry and then immersed
in ether for approximately 10 min, following which they were removed,
wiped, and allowed to stand at room temperature for 10 min to com-
plete ether evaporation. This procedure was institutdd in order to ob-

tain an accurate wet weight of bone and does not consgitute a procedure -

for fat extraction. When thoroughly dry, exact weights were obtained
on the torsion balance, with the samples usually weighing between 110
and 120 mg. The fragments were then placed in a chemically clean small
Nalgene container and frozew at —20° until the thne of analysis.

* 2. Preparation

Bone samples were {ransferred to platinum crucibles, dried to
constant weight, cooled, and the dry weight taken as described for
musecle. The bone was ashed in the muffle furnace for 16 hr at 600°,
followed by 4 hr at S00°. This procedure insured complete ashing
without reduction in clectrolyte values which occurs if high tempera-

S

tures are maintained for a longer period of time. Subsequent dissolving -

of ash and transference to 10-ml volumetric flasks was carricd out as
described for musele.

Routinely, normal boue of approximately 100-130 mg is diluted 2000
times (0.5 ml of the original 1:10 dilution, in 100 ml of double distilled
water). The final dilution contained 0.5% LaCl, and 0.005 N HCL
Samples were read against a standard curve containing magnesium
0.2-0.8 ppm (0.2-08 pg/ml), 0.5% LaCl, and 0.005 N HCl, as was
present in the sample.

3. Recovery Shudies

Recovery studies were carried out on pooled dried rat femur, which
had been ground to a fine powder. Aliguots of bone weighing 20-100 mg
were taken, and magnesium (as magnesium chloride solution) was
added in quantities from 25 to 400 pg. Each sample was then dried,
ashed, and treated as already described. The results of these studies,

——
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Table 10. Recovery Stemes ox Boxg MauNesiua

Magnesum (xg)

- T ———— e Recovery
Sample No. Dry wt (mg)  Estimoted Caleulated Added Ezpected Estimated (%)
COXTROLS
1 100 460.1 — — —_ -— —
2 100 460.1 — -— —_ -— —
3 100 - 460.1 — — —_ — —
4 100 460.1 — T — — —
——
‘ E-\'PERL\(ENTS
3 20 —_ 92.02 400 492,02 491.34 99.87
] 20- — 92.02 400 492.02 491.34 99.87
7 100 — 7 460.1 230 710.10 710.00 99.90
8 100 — 460.1 250 710.10 710.00 99.90
¢] 50 — 230.05 250 4580.05 480.00 99.90
10 a0 — 230.03 250 480.05 480.00 99.90
11 50 — 368.08 100 46S8.08 468.60  .100.10
12 80 — 368.08 160 465.08 468.60 100.10
13 100 — 460.1 25 4583.10 478.00 98 .54
14 100 — 460.1 25 485.10 475.00 98.00
MeaN rECOVERY : : 99.61

seen in Table 10, show: a mean recovery rate of 99.61%. Mean values
for 20 normal rat femur diaphysis was found to be 563 mg/100 gm dry
weight = SD 127 (Table 6). This value compares well with those of
Hammet (20) and Smith and Field (21) whose caleulated data give
values of 540 and, 520 mg/100 g dry bone, respectively.

| Discussion

Methods for the measurement of blood, muscle, and bone magnesinm
have been deseribed in detail, Following the measures indicated, repro-
ducible results have been obtained in a variety of biologie materials
as well as excellent recovery of added known amounts of magnesium.

Some loss of Mg++ occurs upon standing under refrigeration in

dilute solutions even if stored in Nalgene ware, It is possible that the

-inside of the container develops a negative cleetrostatie charge which

firmly binds magnesium to the surfaco, Alternately, the solution may
move into pores of the polyethylene by capillarity, and again electro-
static charges developing around the mouth of the pore might trap ions
mside. Whatever the cause, only the most concentrated standard solu-
tion of standard or sample should be stored for any length of time.
This phenomenon has also beert observed with caleium. - -

The use of platinum crucible was found to he important. The Vycor

U
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brand erucible (silica) and quartz erucibles gave inconsistent and
grossly abmormal recovery values for both magnesium and caleium.
Both types of crucibles developed a permanent white opaque film at
the botfom which could not be removed with concentrated acid. This
could represent insoluble caleium phosphate complex as observed by
other investigators (4).

The reason for the variability of normal plasma magnesium values
(Table 5) is probably found in the diversity of instruments and
component parts used in each study as suggested by Stewart and
Fleming (15). It seems, therefore, that a method for producing a
confident, well defined narrow range as reflected by a small standard
deviation is more important than the pursuit of an absolute serum
magnesium value. ‘
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Since the advent of atomic absorption spectroscopy a number ol
methods for the measurement of mignesium in biological materinis have
been developed to exploit the potential of this sensitive procedure. Iow-
ever, a concerted effort to establish a general method applicabin for mugz-
nesium analysis in a wide variety of biologieal samples has not been
undertaken. To achieve such 2 method it is necessary to examine a nun-
ber of parameters which influence the precision und arcuracy of mue-
nesium analysis by atomie absorption speetroscopy. These include eation
and anion-interferences, sample treatment, the propertics of the burner,
and the characteristics of the ubsorhing cell. Some of these have already
been studicd in depth and have served as the basis for the metiod for
measuring magnesium in serum developed in this laboratory (1. In the
present paper, cation and anion interferenee have been studied and any
problems arising from these effeets have been climinated. The citert of
sample treatment and the charweteristies of the burner and absorbing ccli
are discussed. These studies, while =erving to develep a zeneral analytical
method, alzo explicate the basis of the abzerved differences in cation and
anion interierences when magnesitun is mewsured by atomic ahsorption
spectroscopy (2, 3).

: EXPERIMENTAL

Preparation of Solutions

Metal-free distilled water: wuter, after passage through a mixed-hed
ion-vxchange resin, was distilled in an all-glass still.

' This work was supported by grant<-in-zid HE-07207 from the Nationul Institutes
-of Health of the Department of Hcalth, Fducation and Welfare, and by the
Nutrition Foundation, Inc.

*Present address: Chemical Institute, Faculty of Scicnee. Nagova University,
Nagova, Japan,

*Tnvestigator, The Howurd Hugles Medical Institate

18

MAGNEFRIUM ANALYSIS 19

\
Seturated orine: S-hydroxvauinoline {oxine) was reerystaliized {rom a
2070 ﬂcoho!-“"ﬁvr -mixture and dried under vacuum. Oxine was then
ded to 100 ml of metal-free 1.V 1C] until a saturated solution

on Wi ermDioyed
Losplorie aeld colilions: T0%: orthephosphoric acid, reagent grade;
was deublo-distilied under vacuum. The distillate was diluted with metal-
{ree disuded water.

Caleiem, sodivon, and potassiwm chlorides. (Johnson Matthey, Inc,
Fondon) were «1rs>('l\'(\rl in metat-free distilled water.

Preparation of Sitandard Selutions

(Jolmson Matthey, Ine, London)
f me ‘vl ree 6N hydrocalouc acid
ter to yvield a stock solution con-
,:;_:,/m\ of magnesium. Ti‘e stock solution was dilutec
al-free distilled waier to give solutions containing 0.7,
nd 1.0 g mb of magznesium. Au equal velume of saturated
oxine =chution was added to cach nf the macnesium solutions to produce

the wy PRI standards.

Preparation of National Burcouw of Standards Samples

Nautioual Bureau of Standards samples labeled No. 88 (dolomite) and
wenesinni-hase alloy) served as certified standards of accu-
raey. A \'M"m“h"v 0.5 em of ench was weighed and dissolved in a min-
imum amount of metal-free 6 N HCL By successive dilution with metal-
{roe distilled water, o dinal magnesium coneentration of 0.518 pg/ml was
obicined from sample No. 82 and 0.855 ug/ml from sumple No. 171
Bgunl volumes of {hese solutions were mixed with saturated oxine solu-

Jtion and analyzed.

For studies on interference by other ions, 0.5 pg/mi (2.06 X 107° Af)
nuenesit solutions were prepared containing the following additions:

tA) Phosphoric acid, 1105, 2% 10% 13X 10* 13X 10 and
1% 10

(B3 condentrutions of (A) plux 2.0 pg/ml (5 X 1072 3) of caleium,

(C) All concentrations of (A) in 0.3 N hydrochloric acid, half-satu-
rated with oxine.

(DY All concentrations of {A) plus 2.0 pg/ml (5 X 10 M) of cal-
ctuny, 4.0 gzl (1310 P30 of potussium, and 60.0 po/ml (2.6 X 10"\&

20w w5 13N of eriobm, 40 sl (11D AN o

of soddiun of ﬂ.n_\‘ hvdrechlorie acid half-saturated with oxine. o
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potassium, 60.0 pg/ml (2.6 X 10 M) of sodium, and 2 X 107 AL of T — T
phosphorie acid. H o B o
S l“ Gt o=
. {
P . . - i
Preparation of Samples : g | _ |
. . - . < i i
Both human scrum and cerebrospinuad fluid were dilured 25 times with T100¢e B
~ .. . . OON,
metal-free distilled water. The resultant solution was then dibuted 1:1 : 5
. . B & i .
with an cqual volume of =uturated oxine solutien in TN HCL a
<< | .— A
i ) L . L i
- Apparatus E
. . . . . . o 5 50— B
The apparatus employved has heen deseribed (13, Dispersion of the -
j Zeiss monochromator (M4QIIT) was 8 X mm at 20008 and 30 A/ at T . )
L - - . .. i . s i et e =
! 5000 &, und the £ number was 4.5 The magnesinm resonubee ine at ST Sl TR 'C" 0 0%
-y 4 . . V] %)
2852 A served for analysis, Hsy PO4 . M
! v A - Fie, 1. Phosphate inferforenve mimeasurenent of magnesium by atomic absos

OPLERATING PROCEDURE

The microammeter which displavs the output of the photomuitiplier
tube is adiusted to zero after excluding light from the entrunce shit of H
the monochromator, The initial light intensity, I, is sct to 80 on the r
microarmeter scale while atomizing a solution of metnl-free distilled
water and oxine (1:1). Standard solurions or =umples are ann aspirnted
und the deflection on the micromnmeter, 7, s read, The capiilvy of the
burner is washed between =auples h\' aspivating metal-free distilled
water before readjusting I, with the reference solution, Additienal oper-

tion {eurve A) and itz abolition with half-saturmated oxine {curve B).

1 to 0.1 M, and hydrochioric ueid up to 1M, cither alone or m cor
yination do ot db\'ﬁrlv rudiation ot 2852 A,
Table 1 tubility of six measurernents of five

5 1 differer
megnesivm concentrations in half-saturated oxine solutions.

e v\F,L

TABLE 1
Repeutahility of Magnesium Standards Used for Atomic Absorption Working Curve

%, log Jo 1 .

ating procedures have been desevibed (11, M ""jj:f',‘;ff“'i”“' : -y b 3 5 % Megn 21D '\
In the study of interference by extrancous ions, measurements were X
repeated at le;tst~ 4 times, the relative deviations being with 3. : 0.1 0.034 0.031 0.037 0.03% 0.034 0.037 0.03? + 0400..3 h
0.3 0.104 U.lU() 0.107 0.100 0.104 0.104 0.103 * 0.005 45

03 UM v arw o o o QM0

The ubsorbance of an aqueous solution of magnesium, 0.5 pg/ml or (;() 8::; ?,'j, 0::% ()-,3‘ (,‘_;;;-), 0935 0.352 £ 0,006 2

l

2,06 > 10-* M, was measured in the absence and presenee of inereasing —_ -
concentrations of phosphate (Fig. 1, curve A). Absorbanee of the solu- * Staudard deviation.
; . : e Coeflictent of variation.
tion containing only magnesium ix set equal to 100%. As the coneentra-
tion of phosphute increases the absorbance of magnesiunm deereases until
the ratio of Mg/H,PQ, is 1, but a further increuse docs not alier the
absorbance. Absorbance of magnesium in the presence of half-saturated
oxine i= enhanced markedly. Morcover, under these conditions the effect
of PO, is ubolished (Fig. 1, curve B). The addition of xedivm, 2.6 X
107 M, potassium, 1 X 107 3, and caleium, 5 X 103, to mugnesium
olutions in half-saturated oxine does not affect abrorbance further, in human cerchrospinal fluid und <rum are shown in Tuble 2; 0.2
cither the presence or the absenee of phosphate. maenesinm, 0.82 mey, was wided to ench sample, which wus then i W
Sedinm up fo 300 pg ml (1.3 3 10%30), potassium up to 32 po/ml A0 Urmew D perereds i sl instanees the coeflicient of variation 'b
2100, : : sies from 997 o 101157,

The aeceuruey of the method was ascertiined with N.B.S, standm
sumples No. 88 (dolomite) and No. 171 (magnesium-buse alloy). Twenty
three mesurements performed over a period of three w veks demonstrat
the aceurney to be 100.872 for N.B.S. ctandard No. 88 and 99.5% L

No. 171. .
The results of the repeatability and recovery of magnesiun in nor
DX

ealeiunt up to 32 peoml 18 ¢ 10 AN, phospliorie aeir TOrOVEerY Vo
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TABLE 2
Hepeatabiliny sud Hecovery of Mausnesium in Norod fTuman Cerebrospinal
Fluid ated Servm

N i Magnesium,
No. of mean q& N1,
Sample + analyses (meq, liter) CNL %
Cerebrospinal fiuid
A ¢ 2o 00 A
A+ 082 meg Mg 6 P2 4004 1 o7
B 6 208 Z 004 2
B + 0 82 meq Mg t PO+ 0 04 1 o
Serum
A 6 I ST £ 008 3
A - 0.52meq Mg 6 2720 2 1011
B 0 ot -+ 004 2
B+ 0 82 meq Mg 6 2IN 006 Ry 1on.7

The results of triplicate analyvses of both cerebrospinal finid und gerum
from the xame individuals are shown in Table 3. Ax expected, the concen-
tration of magnesium in cerebrospinal fuid, 2.3% -z 0.24 meq liter, is
considerably higher than in serum, 1.81 = 0,18 meq liter,

The ab&ox])rl(m of magnesium in an aqueous »olution having the same
ionic composition as serum diluted 1:50 is the same o~ that obtained
with an identical coneentration of mugnesium in water alone. When

TABLE 3
Magnesium Content of Cerebrospinal Fluid and Seram from the Same Individuals

Nnenesiusy, meq/iier

Cerchirospinal fiuid Serum
Subjuecty 1 2 3 1 2 3

1 2.48 2.37 2.4 1.95 1.8% 1.89

2 2.93 2.88 2.03 2.04 1.98 2.04

3 2.21 2.14 2.2] 2.00 1.95 1.95

4 2.60 2.52 2.52 1.93 1.89 1.86

5 2.49 2.32 208 214 2.04 1.63

1] 2,28 2.08 219 1.79 1.71 1.75

7 2.60 2.49 2.49 1.79 1.71 1.71

S 2.49 . 2.39 2.32 1.91 1.61 1.66

a9 2,19 204 2.08 1.61 1.61 1.33

10 2.44 2.28 2.28 1.89 1.84 1.799

11 2.71 2.54 2.4 1.61 i.52 1.53

12 2.08 2.08 2.04 1.53 1.53 1.48

Mean + S.D. 2,39 +0.24 1.81 £0.18

, GV, % 10.0 9.9

- Sybjects 1 10 5 were normal persons; subjects 6 to 12 were patients with a variety of
Hly ewres,

e, 2.
serum by

serum is
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Dilution

LEffeet of degree of dilution n water on measurement of masnesium i
atomie absorplion speetroseopy: (A) these dota; (B) data of Willis (3

rocasured in water ut dilutions below 1:50 the absorption is .

&

than that ebiained when mugnesium chloride is mensured in the absene
of other luns or profe . Iowever, the absorption of masnesium in serur
il

is coustar

aerord W

Comparizon of Resulis of Aagnesium Determinations on the Sume Samples after

i, I'nn 3%. for all

di utio": over 50-fold (Fig. 2, curve A) i

ith previous obeervatio s f Willis (Tig. 2, curve B) (3). Sine

1
scd

S O‘"p’lO"l low

TABLE 4

Dilatien with Water or with Oxine

a! utious of serum is not due to the ioni
species present in serum it may be assumed that the high protein conter

Magnesjium, meq/liter

Aqueous dijution Cxine
Serum
1 1.27 1.28
2 1.34 1.32
3 1.64 1.58
4 2.05 1.97
Cerebroepinal fluid '
1 0.93 2.11
2 1.03 2.75
3 1.25 2.23
4 1.29 2,12
51 1.28 2.36
6 1.30 3.76
v 1.37 2.32
38 1.53 2.2
Mean 1.2 2 .49

e
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1< responsible. As shown here and previously (1), mugnesium in human
serum may be determined by atomie absorption spectroscopy without
interference when dilution with water is the only san

nple treatment.

While dilution with water alonc may be used to meusure magnesiun in
~erum, since the values obtalned in uqueous solutions und in oxine ure
the suine, aqucous dilutions of ecrcbrospinal fiuid yields values that are
narkvdly ower (mean == 1.26 e hiter) than those measured in the
presence of oxine (mean = 249 wmeq/diters (Tabie 49, The ionie com-
pozition of cerebrospinal fluid which containg more muaenesium, less eai-
cium, and the same concentration of phexphate acecounts for ihis
difference (vide infra).

DISCUSSION

Phosphate mterference in magnesium or culebun analyvsis ?»v flame
c.aission or atomic absorption spectroscopy vy be attributed to the high
totling points of the ulkaline carth phosphateés, Sinee neither emission
v absorption of radiation can oceur unless the atom wre in the gascous
“ate the emission or ubsorption will be reduced deperding upon the rela-
ve proportion of saltx having a hich boiling point remuining in ¢
ate in the tame (4, 3).
Phosphorie aeid has been reperted not o interfere with magnesium
absorption in the air-acetylene flume (3, 6). On the other hand, phos-
phorie acid Liux been shown to interfere with magnesimn absorption (7-
10} as confirmed here (Fig. I, curve A). Nince the difference in temper-
atare of the adr-ucetylene flame (2250°CY) und the ar-hydrogen fame

aiiid

i

he solid

‘

12100°C) employed here is not siznifieant (3), the varintion must be
due to other causes. As in emisdion flame =pectrozcopy (110, the type

of burner emiployed is a significant variable in atomie :xh,\mptlun =pec-
troxcopy. Phosphate interference does not oecur when atonmiizer burners
are used sinee these deviees permit only fine droplets to enter the fluine.
Total consumption burners, however, permit jarge droplets to enter the
e, leading 1o the formation of coarse purticles. Sueh Lurge particles
luve w greatly retarded vaporization rate und are thus the cause of the
ohserved interference.

The cffeet of phosphate on muagnesium absorption in the present sys-
reny may be explained as follows: As the concentration of phosphorie
seid nereases (Fig, 1. eurve A), the amount combined with magnesium

il inerease up to 2.06 3 107 M. At 2.06 X 10-° 3 phosphoric acid, all
the mngnesium combines with phosphorie aeid, and further inereases in
hosplite concentration have no effect. In serun, sinee the coneentration
af eadeium (2.5 X 107% M) ix 2.5-10ld higher than -'J:zt of either magnesium
1k 1030 and phosphate (1 X 107 3]), culeium phosphate will be
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formed

woferentindly over magnesium phosphate as the liguid droplets

'
H

Mareover, the solubiity product of caleiuin phosphute

ave (l«"h}'-“ i

dlso fuvors the precipiation of this sale, Thus when, as in serum, the
ConeeniToiion o caleimm is zrenicr thap that ol mugnesiwn and the
B ,u;:\c v luw, the depressiug effeet of phos-

concehtiation of phesphaic
phate on nuenestum dheorption b\ldl{,‘d. Conversely, phosphate inter-

ferenee would e predicted to oceur when cerebrospinal fluid diluted only

i~ analyzed =inge its concentration of cxlorum s lower while
shosphate eonceniration of urine 1s
i E o,m-u_x':zti(ms ave pertinent to the
analysis of masnesivm in this fluid, Indeed, phosphate lon interference
must ho overeome lw anudysis of uny biologiesl muterial containing

iy
Wi wator
WL WA

IRRHEANE - 5

-

smounts of vhosphate or higher coneentrations ol nagnesium
Lose of r*.:uuzm, a4 eireunstunee which applies to niost bie-
uten] sumples, e, tissues, urine, =ubeellular organelles, or uwicro-

'
sghetan

ormanisms (12).
the present in<ianee phosphute interference Las been obviated by
performing the anndvses in hali-saturated oxine {13). The high conceu-

tration of oxine effectively competes with phesphale so khm magnesivm

b ) V roim
oxinnte ix the specles which precipitaies as the m.mp‘e 1 hydroted
in the Same. Moreover, the magnitude of the logarithm of t fo"m tion

constant 4741 of wagnesium oxinate which is greater by "C"cr'xl orders
of m;mrit\wic tian that of smagoesium monohydrogen phesphate (2.50)
{favors its preferential formution. As has been pointed out {14), combus-
ion of the metal oxinate in the flame to yield metal atoms iz exo-
thermuie, rendering magnesium oxinule un ideal species to be g ".;):t:}tcd
in the flame and ucco.un’m: perhaps for the enbancement of mugnc.ﬁum
shsorpiion observed n h:‘.‘if~'~‘3tu‘“t"€d oxine.

These studies also demonstrate the importanee of the absorbing systern.
In both the present and the prcvxouc work (1) measurement of serum
mecnesium after simple aqueous dilution results in virtually lOO‘/cdre- :
vovery of added mngnesium. On the other hand, recovery of greater than
1097 has been consiziently observed when serum is di hx‘fcu only with
water (3). Fishtail burners when ewployed as the absorbing cell {2, 3)
produce u nonnniform fume. Ience, the selection of the o;v,n'x’. 1wl cross
«cction of the flame from which radiction enters the opticui path Is
eritica] for the messurement of mugnesium absorption. The oplimal €ross
i for the annlysis of individual elements in the flame i3 o fu’.ctm‘

. comiposition, physical propertics, cte. of the sample ‘»m ooanes
: £ PRRE ’ 111 . . [
Therefore, the optimum position of the .f‘mme for m<.asmcnzon.i W
esimm absorntion will e altered by u difference between scanda O
whitions. Snee in the svstem used here the whole




346

26 ' DA, FUWA, AND WACKER

enters the refractory tube and the total integrated absorption is meas-
urcd, this problem does not exist.

SUMMARY
The effcets of cations, anions, the type of burner, and absorbing sys-

tern on the measurcments of magnesiuin by atomic absorplion spectros-
copy have been investigated. A gencral method for the measurement of

magnesinm in biological material by alomie absorption speetroscopy has
been developed which emmploys oxine to overcome interfercnce due to
phosphate, '
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Simultcneous Determination of Calcium and
Magnesium of Serum by a Single
Chelometric Titration

Sanford H. Jackson and Florence Brown

Titration of a trichloracetic acid filtrate of serum with EDTA is carried out at pH 98

using an excess of Calmagite indicator. Successive photometric readings of percent-
age transmission, made with an EEL titrator, are plotted against the volume of EDTA

_added. There is very little change at first while calcium is Heing complexed; the

reading then decreases rapidly while magnesium is being titrated, followed by a
flattening of the curve at completion of the titration. Hence, two sharp “breaks” are
obtained in the titration curve, the first corresponding to the amount of calcium and
the second to the amount of magnesium.

I TISEVIDENT from the variety of procedures that has been introduced
for the determination of magnesium in serum that difficulties are en-
countered in this estimation. These diffculties have also hindered the
inclusion of the determination in the repertoire of the average clinical
chemistry laboratory. .

The phosphate precipitation procedures, e.g., that of Simqnsen ef al.
(2), are slow, taking at least 6 hr., but appear to give accurate results.

Titan yellow {2, 3) procedures are difficult to control, both hecause
the color is colloidal and, therefore, dependent on particle size, and be-
cause the spectral absorption of the blank may constitute 75% or more
of the total absorption. .

Flame photometric methods, particularly that of Alcock ef al. ()
may be highly accurate, but require the use of a monochromator capa-
ble of separating the 285.2 my line of magnesium from the 285.3 my line
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of sodium. Sueh a flame photometer is not generally available in elini.

cal chemistry laboratovies. The flame photometer of Wacker and Val-

lee (5), using the 371 my oxide line, appears to give high results sinee

they report a mean normal value of 2.05 mliq./L., compared to the

niean value of 1.67 mkq./L. found by a variety of other investigators

(4). | |

The 8-hydroxyquinoline fluorometric method of Schacter (6) is eon-

ventent, but also appears to give a high mean normal value (2.0
mkq./1.), although a recent automated version (7) is reported to give-
more acceptable normal values, :

Chelometric procedures, by which caleium ang caleinm plus mag-

nesivm are titvaied separately and the difference determined, are sub-
Jeet to the large errors inherent in methods dependent on determining
small differences. Procedures designed to limit this error by eombin-
mg the separate titrations into one operation have heen published.
Flaschka and Ganchoff (8) titrated calcium at pH 10 in ammonia-
ammonium cehloride buffer using 2:2 his di(czu'bo.\'}'methyl) amino
diethylether (BAETA) with muroyide indieator, after which the mag-
neshwm in the same solution was titrated with ethylene diamine tetra
acetic acid (EDTA) using Briochrome Black. End-points were deter-
mine photometrically. The procedure was not applied to sernm. Ko-
vacs and Tarnoky (9), using ‘“plasma-corinth B oy Eriochrome Blue
SE, titrated caleium in NaOH fo a visual end-point with ;DT A. They
then reduced the pH hy the addition of hydrochloric acid and.an am-
monta-ammonium chlovide huffer and titrated the magnesium to a sec-
ond visual end-point. Caleium and magnesium values for serum agreed
with accepted normals, ‘

~ This report concerns a procedure whereby both ealeinm and magne-
sium arve titrated with EDTA at pH 98 using Calmagite® indicator,
The changes in color of the indicator are followed photometrically. A
graphof optical transmission against volume of titrant added exhibits
two ““hreaks’’; the first corresponds to the end of the caleium titration
alone, while the second completes the titration of both calcium and
magnesium, .

Underwood (10) listed the following conditions necessary for sue-

cessful simultaneons titration of two cations: (1) the stability con-
stants of their complexes with EDTA must be sufficiently lavge; (2)
the constants must differ sufficieptly ; and (3) the speetra of the com-

————

. *G. Frederick Smith Company, Columbus, Ohio.
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- plexes must permit selection of snitable wave lengths. Underwood ap-

plied this gvpe of titration to the determination of copper and iron.

Recenfly, Flaselhka and Sawyer (11) reported a procedure for the
simultaneous titration of calecium and magnesium in submicrogram
amounts which is similar to that to be deseribed here. They suggested
its possible application to blood serum.

: Method and Materials
. All glassware is soaked in 309 nitric acid overnight and rinsed well
with distilled water and finally with de-tonized water.
De-1onized water is used throughout.

All reagents and standards are stored in poly thene bottles.

Reagents ;

Calcium stock standard, 50 mEq.jL. Dissolve 1.250 gm. CaCO,
(Mallinckrodt primary standard) in about 50 inl. water by the careful
addition of hydroehloric acid. Dilute to 500 ml l

Magnesuom stock standard, 20 m¥Eq.JL. Weigh out 0.2432 gm. of
metallic magnesium vibbon. Cover with water in a beaker and dissolve
by the careful addition of hydrochloric acid. ‘Dilute to 1 L.

Dilutelow standards, 2.5 mEq./L. of Ca and 1mliq./L. of Mg. Di-
Iute 3 ml. stock Ca standard and 5 ml. stock Mg standard to 100 mi.

Dilute high standard, 7.5 mEq.JL. of Ca and 3 mEq./L. of Mg. Di-
lute 153 ml. stock Ca standard and L3 ml. stock Mg standard to 100 ml.

EDTA solution  Dissolve 5 gm. EDTA (disodium salt) in 1 L.
water. .

Trichloracetic acid Dissolve 10 gm. trichloracetic acid in water and
dilute to 200 ml.

Calmagite Dissolve 10 mg. in 10 ml. water. Prepare fresh daily.

Ammonium borate buffer, pH 9.8 Dissolve 7.0 gm. boric acid, 6.0
gnt. sodium cyanide, aud 0.5 gm. of hydroxylamine HCl in water. Add
24 ml. of concentrated ammonium hydroxide. Diluge to 1000 ml. Adjust
‘the pH to 9.8, using a glass electrode pH meter. Add a further 6.5 mL
of concentrated ammoniuam hydroxide. This will neutralize the tri-
chlcracetic acid and veturn the pH of the titration mixture to 9.8

Apparatus

1. A micrometer syringe or the equivalent.® One rotation of the
micrometer serew delivers 0.01 ml.

*Agla model, Burroughs-Wellcome & Co., Tuckahoe, N. Y.
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2. An BEL titrator with filter,” consisting of a photometric unit
into which a maguetie stirrer is incorporated, and a separa« gal-
vanometer, ‘

Procedure

Add 4 ml of trichloracetic acid to 1ml. of serum jn a small tube. Cap
‘with pavafilim and mix by shaking. Let stand for 10 min. or more, and
centrifuge. '

Place 0.1 ml of Calmagite in a titration cuvet. Add 0.5 ml. of clear

“supernatant to the cuvet, followed by 2.5 ml. of horate buffer. Tntro-
duce a magnetic stivring bar and place the cuvet in position on the
titrutor. Net the sensitivity so that the galvanometer reads 100%
transmission. Add KDTA from the syringe, taking the galvanometer
reading in %7 after each 10 divisions (% revolution) of the microme-
ter serew. The reading will remain relatively constant daring tlis
part of the titration while the calcivm is being titrated. As soon as the
magnesiuntis being titrated the % T decreases markedly after cach ad-
dition of KDTA. The end-point is reached when two or three conseen
tive readings are the same, o

The readings of %1 are plotted against the titration “‘units,’’ each
unit being 10 divisions, or .002 ml. The hest straight line is drawn
through the points on the sloping part of the curve and extrapolated to
intereept the 100%T Tine on one end and the best horizontal line
through the last titration points on the other end (I'ig. 1). The inter-
cept on the 1009 T line is the caleiwn titration while the intercept on
the final titration line it the total titration of caleium plus magnesium.
The titration from the caleium intereept to the final intercept is the
magnesium value. These titration values are then converted to
mbiq./T.. by reference to standard eurves (Fig.2). - '

To prepare the standard eurves, dilute 1 ml. of each standard sola-
tion with 4 ml. trichloracetic acid. Titrate 0.5 ml. of this solution simi-
larly to the serum titration. Plot the standard curves by joining the
points with a straight line. The intercept on the abscissa is equivalent
to the blank, .

Experimental and Discussion

The use of the intereept of the magnesium part of the titration curve
with the 1009 T line (instead of with the slightly sloping initial part

*ELL model, with filter No, 607, Evins Flectroseleninm Limiteq, Hnlstead; Essex., Ellglﬁnd,
or Gelman Instrument Company, Chelsea, Mich. ] g
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CALCIUM AND MAGNESIUM IN SERUM

80O+

70

ke 60
80

40

30-

Cx + Co BL,

Mg + Mo Bi

20 A

Titration

Curve A .1 meqperl of My

Curve B .1 meg per L. of Hy and 23 weg pos L of Co

Curve €. 3 meg por 1. of Mg

Curve D -3 mog por ]l of My amd 7-8 mey pos L of Ca

Fig. 1. Titration curves of various coneentrations of ealeium and magnesium.

Calcium megq. per liter
Magnesium meq. per liter

Titration Units Magnesium

3 4 5 & 7 8

2
: t
(o] 2 4

¥ t T T

6 8 i0 12 14 16

Titration Units Calcium

m 1o

Fig. 2. Standard curves for caleinm and magnesium,

163

353

A . P b aagne it wa %= v # s e

ey m—— e s



164 JACKSON & BROWN Clinical Chemistry

of the curve) as the end-point of the calcimm titration (Fig. 1) requires
some explanation. There are factors other than the caleium concen-
tration that influence this initial slope. Since the caleium and indica-
tor have a low aflinity the initial titration mixture will consist of an
equilibrium mixture of caleium uncombined with indicator, free indi-

eator, and ealcium-indicator complex, as well as the firmly bonded
magneshan indicator complex. The amouut of free indicator, and
hence the amount of ealeiwm-indicator complex is related to the
amount of magnesium. The more magnesium present, the less free in-
dicator, and hence the less calelum-indicator complex there will be.
Henee the initial slope is influenced by the magnesium as well as the
caleinm. This is illustrated by Curves B and D in Fig. 1. The initial
drop (b) of Curve B is greater than the (110p (2) of Curve D although
there was three times the caleium in Titration D.

The concentration of KDTA, and hence the volumme of titrant re-
quired, also affects the slope. More dilute solutions, requiring larger
volunies, tend to flatten the curve by dilution of the indicator. There-
fore it is advisable to use small volumes of concentrated EDTA solu-
tion.

Inpractice it has been observed that the usc of the intercept with the
mitial sloping curve leads to high caleium and low magnesium results,
and that the concentration of caleiwmn will affect the magnesium deter-
mination and vice versa. However, if the intercept with the 100%T
line 1s used, and the titrant volume is kept low, so that dilution can be
neglected, the corrvect titration values for both caleium and magnesium
are obtained. .

An examination of the speetral absorbance curves (Fig. 3) of the
free Calmagite indicator and its caleium and magnesium complexes
reveals that the maximum spectral shift is in the 600-640 my region.
Accordingly EE L filter No. 607, which has the transmission character-
isties shown in the same figure, was sclected. The transmission in the
region of 700 my by this filter is of little consequence sinee the photo
cellin the KEL titrator has little sensitivity at this wave length.

There 15 a marked effect of pH on the shape of the titration curve
(Fig. 4). The optimum pH, giving the maximum spectral shift and
sharpest breaks is 9.8-9.9. Departures from this pH range result in a
loss of sensitivity. These curves were obtained using an ammonium
borate-ammouia huffer at 0.1M concentration. Other buffers investi-
gated were sodium horate, ammonia-ammonium chloride, monoetha-
nolamine, and triethanolamine. Execpt with respect to stability there

LTI
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was little to choose between them when they were used at the same pl
and molar eoncentration. The amnonia-ammonium horate huffer was
stable for at least 6 weeks, Iy all eases eyanide and hydroxylamine
were added to complex copper and iron, the presence of which, in the

100
901 e Pra tndieater (Envnae LDTA)
. e My ladisater somplon
BO e Ca ladicotue remyplen
701

X Trenamission

-3
Q

Fig. 3. Speetral absorbance
curves of free indicator and in < 601
bresence of excess caleium or |
magnesium. Also shown is spee- 50
tral transmission curve of LEL
filter 607,
301

204
ZIT irer 807
101
(o] . .
600 650 69

450 500 550
Wave Langth {mp)

Q

100
90
« 801 )
K]
i - H
Fig. 4. Effect of PH on titra- B 709
. -~ PH -7
tion curre, %
S 60 »H 100
1 »H 98
L 50 e o9
40
30 L T T L T L L) v L ¥ T L T v L
5678910t 12131415 16 17 18 192021 22 23

Titration Units

free form in minute traces, would result in a loss of definition of the
breaks. ' :

The buffer concentration has an effect on the shape of the curve, as
shown in Fig. 5. The moro dilute buffers lead to a greater speetral
shift. The apparent inerease of the ealcium and magnesium titvation
is an artifact resulting from the increased blank values with mereased
reagent concentration. . ,

The effect of indicator concentration on the titration eurvo is eritical

)
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magnesium present. Some excess is necessary to obtain a satisfactory
caletum break. We have chosen an amount of indicator sufficient to
cope with a concentration of 3miSq./L. in the serum. If a sample should
be encountered containing more than this it would be necessary to re-
peat the titration on a smaller aliquot.

100
920 1
" . . § BOT
‘Fig. 7. Effect of age of indi-
cator on titration curve. Ca: ”E 701
first Jay, 17.& U.; third day, E _
17.4 U. Mg: first day, £2 U.; & 601 ' B day
third day, 5.0 U, (Ca, 7.5 mEq./ i
L. Mg, 2.0 mEq./1..) 501 !
40 !

B 91012 13 1415 18 [7 18 19 2O 21 22 23 24 25 26 27
Titration (fnitl
The effeet of age of the Calmagite indicator on the titration curve is
depicted in Fig. 7. There is some tendency for the caleium break to
shift to the left, giving lower calcium recoveries and proportionally
higher magresium results. .

Difticulties were encountered in the titration of calcium and mag-

nesium in sera. Magnesium values were low and the slope of the curve
was cousiderably flattened. Calcium results were satlisfactory. This
magnesinm effect was not true of all sera, as horse serum gave a titva-
tion curve and magnesium recovery fully as satisfactory as the stand-
ards. It was suspected that the trouble arose from an effect of protein

on the indicator. ¥igure 8 shows the effect of adding human albumin -

(Connaught laboratories 25% human albumin solution) to a.standard
titration. The flattening effect of the albumin was evident in the lowest
concentration used. Tt was apparent that removal of the protein by
precipitation with trichloracetic acid was essentialr Sufficient extra
ammonia was added to the bufter to neuntralize the extra acid and re-
turn the pH of the titration mixture to 9.8. Standard solutions were
also diluted in trichloracetic acid to maintain the samne conditions of
titration for both standard and tests.

A series of titrations were made in which the calcium and magnesi-

um concentrations of the solutions were varied independently. The

results are shown in Fig. 9. There was no indication that variations in
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{he caleium concentration affect the magnesium result or that varia-
{ions in magnesinm coneentration affect the ealeium titration.
Determinations on a series of 20 normal adults gave caleium values
ranging from 46 to 5.4 mbiq./L., with an average of 498 mFq./L.
Mazneshom values vanged from 1.40 to 1.88 mkiq./L., with a mean of

1007

f_#”##\-\‘,"’ wy LM | .

1.8 my Alb.

©
O

(-]
Q

“ Fig. 8. Effect of human se-
rum albumin on titration evrve.

o~
54

o
Q

28 mg Al»

% Transmissicn

w»
(o]

O Ald.

>
Q

30

7 6 9 1011 1213 14 15 16 17 16 19 2021 2223 24 25
» Titration Units

Aot C ALCTU M e

28 meg/L. B meq/l. 7-8 meq/l. 10 meq/l.

Ca Found
2-7 4-98 7-9 8
1 meq /L. .
093 0.98 0-88 0-38 ~ Fig. 9. Recovery of culeiom
X Mg Found in presence of magnesium, aml
2 2-8 8.2 7.3 1041 vice versa.
"
;’ 2 meq/l
e 198 2-08 2-0 2-08
=
: 2-83 8.2 7-1 10-1 .
3 meg/i.
2-97 2-94 3-04 3-00

3

1.64 mlq./T.. The magnesium values agree closely with those of Al
cock et al. (4), who reported a mean novmal value of 1.66 mEq./L., with
arange of 1.4 {0 1.85 mIq. /L. )

(‘arcful replicate determinations showed a standard error for the
caleium titration of = 0.08 mEq./T., and a standard error for the
magncsium determination of == 0.12 mTq./T.,, when done with dupli-
eate titvations of the trichloracetie acid centrifugate. .
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Results
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The Automated Fiuorometric Determination
of Serum Magnesium

ll. Procedure Using 8-Hydroxyquinoline-5-Sulfonic Acid

Bernard Klein and Morris Oklander

Two automated flow systems are presented for the fluorometric determination of
serum magnesium. Each procedure is based on measurement of the fluorescence of
magnesium 8-hydroxyquinoline-5-sulfonate. One method treats a serum dialysate;
the other reacts serum directly with the aqueous reagent. Calcium interference is
eliminated by sequestration.

A PREVIOUS COMMUNICATION from this laboratory (1) reported modifi-
cations and improvements of the Hill automated procedure (2) for the
finorometric determination of serum magnesimn. A new automated pro-
cedure, now presented, is based on measurement of the characteristic
fluorescence of magnesium 8-hydroxyquinoline-3-sulfonate solutions
(3, 4).

Two flow systems have been developed. The first also incorporates
dialysis prior to reaction with the reagent. The second, without dialysis,
uses only 0.1' ml. of serum in direct reaction with the fluorogenic rea-
gent. Iach procedure offers the advantage of operation in wholly
aqueous solution with a sensitivity equal to or greater than that ob-
tained with the earlier methods.

Experimental Technic
Reagents
Tris buffer, 0.1 M, pH 8.0 121 gm. of tris(hydroxymethyl)amino-
methane in a liter of solution, is adjusted to pH 8.0 with 5 N HCL
8-ITydroxyquinoline-3-sulfonic acid :

1. Stock reagent, 0.05 M 113 gm. of 8-hydroxyquinoline-5-sul- .

fonic acid (Distillation Products Industries no. 4666) is dissolved in
From the Automation Research Laboratory, Veterans Administration Hospital, Bronx,
N. Y. 10468,
The authors gratefully acknowledge the capable clerieal contributions of Mrs. Jean Meyer.
Received for publication Jan. 18, 1966; accepted for publication July 23, 1966,
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cenee response should be between 60 and 80 arbitvary units. If less than
GO or above 80, the slits ave replaced to bring the response within this
range. The base line is readjusted to tlie 1% line if necessary. The
analyst is referred to the fluorometer operating instruction manual
for details.

Standard magnesimn solutions and specimens are then aspirated at
the rate of 40 samples per hour (2:1 wash ratio), and the recordings of
their fluorescent response are obtained (see Discussion).

Calibration Curve

Standard magnesium solutions coutaining 0.5—+.0 mg. Mg*+/100 ml.
(0.41-3.28 mliq./L.) are analyzed and the f{luorescence response, in
arbitrary units, is plotted against concentration. Ixpression as milli-
equivalents per liter is veadily obtained by multiplying milligrams of
Mg+ per 100 ml. by 0.82. In the discussion which follows, wherein the
cletuents contributing to the development of the present method are
examined, Mg+ + concentrations ave expressed as milligrams per 100 ml.

Results

Figure 3 shows a typical calibration curve and the strip chart re-
cording from which it was constructed. Tt is evident that the fluores:
cenee vesponse (in arbitrary units) is linear to +.0 mg. Mg**/100 ml.
Also shown are the continuous sampling (**steady state’’) recordings.
The fluoreseence responses obtained at 40 specimens per hour ('2:1'_\'.';1511'
ratio) ave 98%, 989, 99%, and 95% respectively. It will also be noted

that in this series there is no interaction when the 4.0 mg. Mg™* stand-

o -

VACNESIUM STANDARDS'
3

-
cQ
g

$§ 2

»
2

FLOURESCENCE UNITS

§

3

3

.10 20 30 <o
MG, M!”IIOOML.
. osr | [T 248" 320
. 3 - . mEq/L

. . .

‘1'"!:- 3. At right is ealibration curve, fluorometric serum magnesium determination with
dialysis. At left are coutinuous sampling recordings.
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ard is followed by the 1.0 mg, Mgt+ standard. In other experiments
during the developnwent of this procedure, a maximum interaction of
3% was obscerved, uwder similar conditions.

Discussion

The present procedure was developed as a preliminary to a contem-
plated examination of the role of Mev+ in neurologie, renal, and hepatic
dizorders. Athoush the previously described modification (1) of the
THI automated uorometrie procedure was useful in early pilot studies,
the instability of the S-hydroxyquinoline reagent in ethanolie solution
detracted from it~ utitity, The more stable aqueous 8-hydroxyquinoline-
asulfonate reazent nsed in the present procedure also offered advan-
tazes in that 30 (1) eiiminated the veed for Solvaflex tubing; (2) sim-
plificd the manifold and flow diagram characteristics; (3) could be
used with either fow <vstem: awd (4) was more sensitive—e.g., in the
direet procedore, bess sernm sample was required to give the same
horometrie response (3)

In the carliest experiments with the aqueous reagent (Fig. 1), it was
sooit observed that the presence of Ca*+ introduced an appreciable
inerewse an total thioreseence, although Schachter (3) bhad reported
thut at pH 7.0, Ca** solutions produced negligible flnorescence with
the aqueons reazent, This effeet is shown in Fig. 4, on the right. Fol-
lowing the revandings of the (lnorescence of Mg*+ solutions (first 5
peaks), the Haarescetiee response is demonstrated of 2.0 mg. Mg**‘/lOO
ml samples to whyel, € e equivalent to 5.0, 10.0, 15.0, and 20.0 mg./
100wl had been ndibed, The fnerease in fluorescence is 75,112, 11.8,
and 12270 respeetivelv, Shown helow is the fluorescence response of
the contrel snlutivn containing only diluent buffer and reagent, demon-
strating ttat the abhtional fluoreseence is due to the Ca 8-hydroxy-
quinehine Lenifos e Phe 1asy recording is that given by a solution
contaming 40 me Jod ml Cu* Tt fluorescence is equivalent to 1.03
me Me' * By st Thia seemine discrepancy between Schachter’s data
and thieee 22 a0 2t 4 1l laboratory is in part the result of instru-
mental bferemees Sohachter measnred the fluorescence in a spectro-
phetefiensmstos v the ek response at 510 my. In the present pro-
cedure, the S er *;*--?r:xl transmission resulting from the use of a
fltee oete St rvmeter alinwaad Huarescent nonmagnesium contributions
ote e D ‘:’n :;.].:;’«.tf'iswd in ghe Hig procedure and was
A PR ez o 5~-‘~l'-'.-i~. irl-on:-m:m(ga at? © m‘:/ml) 1nto.the
s et g -~.'.:..“.‘ ”"ip" (1) on of potassium oxalate 'mto

; ! <. 1) did not produce the desired
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effect. The reaction of the dialysate with the aqueous reagent was
sluggish, with reduced (19.5%) fluorescent response, even with in-
creased reagent concentration. I'urthermore, at 2.0 mg. Mg++/100 ml.
for example, sample interaction increased to 115 and an increase in
nonreagent blank fluorescence also resulted. When identical serum speci-
mens were analyzed by the potassinm oxalate-modified automated pro-
cedure and the Schzchter manual procedure (3), the former, in some
instances, gave Mg®* values as much as 20% lhigher than the latter,
signifying the continued presence of fluorescence-producing interfer-
ence. Increasing the potassium oxalate above 2 mg./ml. in buffered

diluent caused Mg+ binding. This also occurred upon the addition ot

oxalate to the vecipient stream. The use of potassium oxalate was dis-
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Fiz. 4. Fluorometric scrum magnesium determination, showing effect of Ca** on Mg 8.
hydroxyquinoline sulfonate fluorescence. Recordings at left were obtained by inereasing instru-
meat sensitivity to itlustrate effect of Ca'* fluoreseence enhancemnent. Serum control recordings
are below recordings af right. 1° = 7-60; 2° == 2A-12; Slit 3; magnification, X 10; RT, pH
6.0; Sample 0.23.
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2.5 %X 107 M, Serum control re-
cordings are shown above re-
cordings of specimens.

26€



JRETE A

Vol. 13, No. 1, 1967 SERUM MAGNESIUM: 1l 33

Very recently, Lamkin and Williams () reported that GTA effec-
tivelv sequestered Ca®™ in the presence of Mg**, This reagent was
substituted as the complexing agent in the present procedure and
proved effective. The optimum IGT.A concentration for the sequestra-
tion of up to 23 mg./100 ml. Cat¥ in the presence of 2 mg./100 ml
Me+* was deteriined. In 2 % 1073 M INGTA (pH 8.0), Ca™* at con-
centrations of 6.3, 12.5, 18.8, and 25 mg./100 nl. produced fluoveseence
intensities of 0.5, 0.5, 1.0, and 1.0 units respeetively, above the base line.
Above 3 X 1078 M G, Mg+~ is also sequestered under the present

. experimental conditions.

One other modification introduced at this time was the substitution
of the No. 2A-12 filter for the No. 58 as the secondary filter. The former,
a combination of Wratten 2\ and Wratten 12, is a sharp-cut filter
passing wave lengths longer than 510 my and yielded a 35% increase
in fluorescent response.

The dialysis is conducted at room temperafure. 1t was observed that
the warm reaction stream emerging from the dialvzer module at 37°
produced a lower fluorescent response. Reduction of fluorescence with
temperature clevation is recornized (7). Varlations in dialysis rate will
occur with gross changes in dialyzer bath tetperature, but over a 2-
week period, the temperature in the nnregulated water bath did not
vary by more than 37 in this partly air-cooled laboratory.

The possibility arose thal serum magnesium could be determined
by direct treatment of serum diluted with 'P'ris butfer containing BGTA,
with the aqucous reagent, since Schachter had not deproteinized the
sermm in his procedure (3). The system diagramed in Fig. 2 was as-

sembled. To sequester the caleium of whole sernm, 0.01 M EGTA was

required. The hydroxyquinoline sulfonate reagent concentration was
also increased to 7.5 X 1073 M. The fluorescence of standard magnesium
solutions analyzed by this procedure was also linear with concentra-
tion (Fig. 5). ‘

To determine what error was introduced by the elimination of dialy-
sis, 20 serum speeimens were analyzed by both.procedures. The record-
ings in each analysis arc shown in Iig. 5 and 6. Also shown in each
series are {he recordings of the flnorescence produced by the individual
serams similarly analyzed with INGTA to sequester Ca** in the diluent
stream but only buffer pumped in the reagent line. In the nondialyzed
series (Fig. 5), the blank fluorescence usually did not exceed 3—+ units,
equivalent to 0.28 mg. Mg*+/100 ml. In the dialyzed series, this was
shout 0.5-1.0 unit (Fig. 6). In one instance, Specimen 19, the blank

- s . . .
serumn fluorcscence was 19.5 units. Similar fluorescence was not ob-

served in the dialyzed serum analysis. This would indicate the presence ”’
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34 KLEIN & OKLANDER Clinical Chemistry
of a mnondialyzable fluorescing serum constituent of undetermined
nature. It can be coneluded that usually a 4-unit correction can bhe ap- :
plied to the fluorescence recorded in the direct procedure (Fig. 2) to
obtain results in agreement with the Mg*™* concentrations obtained in :
the dialysis procedure (Ifig. 1). The serum Mg** concentrations de- e
Table 1. MAGNESIUN ANALYSES BY THE AUTOMATED 8-HYDROXYQUINOLINE-3-SUGLFONATE )
PROCEDURE WITH DIALYSIS AND BY DIRECT REACTION h t
Myt (mEq./L.) :
Specim.en Dialysis Direct Diference !
Serum pool 1.72 1.56 -0.16
1 1.56 1.31 0.95
2 1.47 1.39 0.08
3 1.39 1.23 0.16 :
4 1.97 1.72 0.35 !
b 1.39 } 1.23 0.16 :
Serum pool 1.72 1.56 0.16 :
6 1.47 . 1.47 0.0 ;
7 1.43 1.39 0.04 .
8 1.23 ' 1.31 0.08 |
9 1.39 1.31 0.08
10 1.60 1.48 6.12 v
11 1.68 1.56 _ 0.12 {
Serum pool 1.68 1.64 - 0.04 g
12 1.80 1.40 0.40 ;
13 1.68 1.48 0.20 ’
14 . 1.60 1.60 - 0.0
15 1.72 1.48 " 0.24
16 1.39 0.99 0.40
Serum pool 1.69 1.40 0.29
AVE. DIFFERENCE 0.17
Table 2. RECOVFRY ANALYSER, AUTOMATED 8-F{YDROXYQUINOLINE-5-SULFONATE PROCEDURE,
’ Y DIALYSIS AND BY THE DirrcT REACTION
Dinlysis method Direct reaction method )
Mg+ Total Recovery . Mg+ Tolal Recevery . .
Specimen Mg+ added Mg+ (90) Mg+ added Mg+ (%)
Serum pool A 0.82 0.82 1.64 100 0.90 0.82 1.72 100
Scrum pool B 0.82 1.23 2.05 100 0980 ° 1.23 2.21 104 .
Serum pool C 0.82 1.64 2.46 100 0.90 1.64° 2.46 96.7
Mg solution
with Ca** . .
(10 mg./100 ml.) 1.64 1.56 95 —_ — 1.60 97.5
Mg solution T
with Ca** .
(10 mg./100 ml.) - 2.46 "2.46 100 —_ — .238 96.7-

All amounts are given in milliequivalenis per liter.
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termined by both procedures are given in Table 1. Good agreement was
observed. The direct analysis is offered as a procedure which will
permit reliable serum magnesium analysls, provided the limitation
cited above is recognized and the average 4-unit correction is applied.
In the few instances where unusually clevated serum Mg*+ concen-
trations arc observed, the actual blank serum correction can he casily
determined as deseribed above. In contrast, the preparation and main-
tenance of a dialysis module, with its attendant problems, must be
considered.

Following the series of serum analyses in Fig. 5 and 6 are the re-

“cordings obtained in a series of recovery analyses in which known

amounts of Mg*+ were added to a serum pool. This is followed by a
group of analyses of magnesinm standard solutions each containing
10 mng. Ca**/100 ml The results of these experiments are summarized
in Table 2.

During the developmental phase of this procedure, specimeus were
aspirated at the rate of 40 samples per hour {(2:1). Move recent experi-
ments demonstrated that sampling at a rate of 60 specimeuns per hour
(2:1) gave fluorescent responses 95-97% of those obtained at the
40/hr. rate. The results obtained at both sampling rates were identieal.
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SCIENTIFIC NOTES

o

Automated Atomic Absorption Spectrophotometry

I. The Determination of Serum Magnesium

Bernard Kléin,* James H. Kaufman, and Morris Oklander

The flow system developed for the determination of serum calcium by automated
atomic absorption spectrophotometry (AAS) was adapted to the determination of
serum magnesium. A comparison of the results of analyses by the present procedure
and by an automated flucrometric procedure on identical serum specimens shows
excellent agreement.

Rr-;cr,.\"r rerorTs from this labovatory deseribed the application of
automated atomic absorption spectrophotometry (AAS) to the de-
termination of calcinm in Mologic flutlds (7). In the present communi-
cation, the extension of this new analytic technie to the determination
of sermm magnesium is presented. '

)
Materials and Methods

Instrumentation

The sample 1')1'0::011&160)}1 modules, atomie absorption spectrophoto-
metric and other instrumental components used were described in the
first paper of this series (7). In the present procedure, a hollow cathode
magnesinm lamp was the source and the monochromator grating was
adjusted to transmit at 285.2 my.

Reagents

The serum diluent and dialyzate reeipient solutions were described
in the previous paper (1).

Standards Standard magnesium solutions containing 0.41-3.28
mlig./L. are prepaved as deseribed in a previous publication (2).

" From the Automation Resvareh Laboratory, Veterans Administration Hospital, Bronx, N. Y.
10468,
The anthors gratefully acknowledge the capable elerical contributions of Mrs. Jean Meyer.
Received for publieation Dee. 9, 1965; accepted for publication Feb. 17, 1967,

J'Present address: Departmment of Diagnastic Research, Hofmann-La Roche, Ine., Nutley,
N. J. 07110,
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Flow Diagram

The flow diagram (Fig. 1) is identical with the one described pr evi-
ously (1) but is included here for convenience.

Operating Procedure

The spectrophotometer and the hollow cathode lamp are placed into
operation and the readout meter is connected to the recorder. The

DOUBLE DIALYSIS

-

MIXERS Qno i N

; ————
WASTE «-5::’_‘:3:2” e DILUENT Q.073
1 T _ +—@—r—am 0.085 ,
— o

Dl\E‘L{}L—'OINHCl oos:
i |
+—H— AR 0.045

| |
| Q\I TUBE SIZE
DISCARD -¢ t_\/i INCHES

€3

} PROPORTIONING
ATOMIC PUMP
ABSORPTION 285.2 mu 2 RECOROER
SPEZTROMETER

DISCARD

Fiz. 1. Serum magnesinm by automated AAS. Flow diagram, with dialysis (flow system A).

atomizer-burner is ignited, the fuel and air controls are adjusted to
give maximum operating efficiency, and the system is allowed to
stabilize for 30 min. In these experiments the lamp current was 4 ma.;
the air pressure was 15 psi; acetylene pressure, 2-3 psi; the mono-
chromator was adjusted to peak response (usually at 285.2 my) and a
100-p slit was used.

Diluent and recipient solutions are pumped through the manifold
for several minutes (water through the sample line) aund the recorder
base line is set by first adjusting the readout meter dial to 100% trans-
mittanee and then, resetting the recorder zero to the 90 mark on the

strip chart. Pumping is continued for a sufficient time to permit base-

line stabilization (about 10 min.).

The magnesium standards are sampled in increasing concentration—
with the highest concentration immediately followed by the lowest
concentration—to determine the degree of interaction. The serum speci-
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55 ml of 1 N NaOIl aund diluted to 100 ml. with water. This solution
is stable for at least 2 months, if refrigerated and protected from
light (3). ‘

2. Working reagent A, 0.0025 31 10 ml. of stock reagent solution
is diluted to 200 ml. with 0.1 M Tris buffer, and the solution is brought
to pi 7.0 with a few drops of 3 N HCL This reagent is used in the
dialysis procedure (Iig. 1).

3. Working reagent B, 0.0075 M 30 ml. of stock reagent solution
is diluted to 200 mil. with 0.1 M Tris buffer and brought to pH 7.0 with
a few drops of 5 N HCL This reagent is used in the direct procedure
(Fig. 2). ‘ :

These solutions are stable with rvefrigeration for at least 2 weeks.

Ethylene bis(oxyethylenenitrilo)tetraacetic acid (EGTA) solution,
0.01 M 3.80 gm. of XGTA (K and K Laboratories, Inec.) is dis-
solved in 1 L. of 0.1 M Tris buffer, and the pH is adjusted to S.0 with
5N HCL

EGT A solution, 0.002 M 200 ml. of the 0.01. M EGTA solution is
diluled to 1 L with 0.1 M Tris buffer, pH 8.0.

Magnesium standards Standard  solutions are prepared from
pure, oven-dried (800°) magnesium oxide, as described by Sechachter
{3). Alternalively, 0.3528 gm. of magnesium acetate tetrahydrate
crystals, taken from a freshly opened bottle of reagent grade material,
is dissolved in water containing a few drops of 3 N HCI and diluted to
I L. This is equivalent to 4.0 mg. Mg**/100 ml. (3.28 mllq./L.). Dilu-

TYPE C MEMBRANE

DIALYZER _
- . 1
DISCARD | AAAAAAAAAM %‘“@"l 0.23 ML, SAMPLE
; P = O 2.50 ML. BUFFER
e 4 1.60 ML. AIR
R.T. =1
5T o 2.50 ML. REAGENT
\_lfe'T—‘—— 1.60 ML. AIR
WASTE < 3 ; 2.00 ML, F/C
|
i O |
1O
] i
. Lo
RANGE 30X {I*=# 405 s PROPORTIONING
*e2a- PUMP
suT #2  |2*72a-i2

FLUOROMETER RECORDER

Fig. 1. Flow diagram for fluorometric serum magnesium determination with dialysis. Type
C eupriphane membrane is used.
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meus are then sampled. All standards are resampled at intervals and
at the end of the analysis. .\ calibration curve is constructed by plotting
the mean recorder readings for each standard solution against con-
centration on semilogarithm ruled graph paper. The magnesium con-
centration in gerum speeimens is determined by reference to this plot.

Results

Recordings of a typical calibration eurve are shown in Fig. 2. The

response is linear to-about 3.0 mFq. Mg*+ per liter. At 3.28 mkq. /L.

704 . o
€04

S0

5

3
8
RECORCER READINGS

DCR  READINGS
z

g

A,
X
a

g

2

g

T Y al
4

z 3
mg Mg** /100 mi

T v )
082 iGa 246 32
mEq/b |

Fig. 2. Serum magnesiumg by automated AAS. Typical ealibrution curve and recordings used
to plot curve. Recordings of magnesium standard solutions samipled first in increasing coneen-
tration, then suecessively in triplieate, and finally by continuous sampling of standard (4.0 mg.
Mg** per 100 ml.).

{

(+.0 mg. Mg*+ per 100 ml.) a slight reduction in linearity (mean, 4%)
was observed. Also shown are tlie recordings of standard magnesium
solutions sampled successively in increasing order, each standard in
triplicate followed by the continuous sampling of the 3.28 mEq./L.
magnesium standard. There was rarely more than 1% interaction when
a 0.82 mlq./L. magnesium standard immediately followed a 3.28 mEq./
L. standard. Replication of standard solutions in the present procedure
also were usunally within one scale division on the strip chart, frequently
within 0.5 scale division (2). One division under the indicated experi-
mental conditions was equivalent to 0.043 mkEq. Mg++ per liter.

Recovery of added magnesium to serum specimens consistently
averaged 102% (range 100.7-103.6%), although in a few experiments
up {o 105% recovery was realized.

393

K.



»

P

o7

= — L e

e g e P ———

&
' ”
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Discussion

The determination of serum magnesium by AAS was examined by
several investigators (3-6) who reported generally, that under proper
conditions, this techuic produced relinble and accurate analyses with
a seusitivity that overcame the disadvantages of familiar chemical
procedures. The successful development of automated procedures for
calcium in biologie fluids prompted an extension of this approach to
the determination of sorum magiesium.

Magnesium analyses by a simpler flow system (Fig. 3) afforded
recordings shown in Fig. 4 and 5. The recorder responses were precise,
reprodueible, aud denonstrated good linearity with concentration.

MAGNESIUM
(ATOMIC ABSORPTION SPECTROPHOTOMETRY)
FLOW DIAGRAM

Fig. 3. Serum magne-
sium by automated AAS.
Flow diagram, without
dialysiy (fow system B), 1 SAMPLE

ks | g
omc

101
10! TUBE SIZE
c3 | O |
S 1 S |
1O 1
L_J
285.2 mu. PROPORTIONING
PUMP
ATOMIC
ABSORPTION
SPECTRO- RECORDER
PHOTOMETER
[
DISCARD

Serum magnesiunm analyses oltained by this flow system compared well
with manual atomic absorption analyses, and recovery experiments
disclosed a mean recovery of 100.5%. The uneven quality of the
vecording peaks, however, and the occasional recorder base-line drift

could not be ascribed wholly to the accumulation of combustion residues

of the scrum protein or other organic and inorganic materials in the
0.16-ml. sample, causing altered flame characteristics or burner
clogging. Furthermore, similar recordings were also produced by
aqueous magnesium solutions.
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It was decided, therefore, to return io a flow system similar to the
one used for serum calcium analyses (7). The sample volume was
slightly inereased to accommodate the requirements of the improved
flow system. Over-all stability was achieved since recorder ‘base-line

. 704
€0+ . FZO
50+ 30 ‘§
“ ~
9 a0 40 8
2
] i
] 50 Q-
< 4. 3
&
§ Leo S
Q QS
S Y
S &
'™ 70
& 20
80
— >9°
10 T T T )
t 4 3 4
mg Mg /i00ml
1 T T T — 1
082 162 246 38
mEqft

Fig. 4. Serum magnesium by automated AAS. Typical calibration eurve and recordings
obtained with flow system B, Experimental design similar to that in Fig. 2.

drift now rarely exceeded ome scale division. Complemented by the
inherently greater sensitivity of magnesium analysis by atomie absorp-
tion spectrophotometry, smooth recordings were produced, where each
chart scale division was still identical with the response obtained in the
nondialyzed flow system. This is illustrated in Fig. 2 and 6.

During the development of the present procedure, specimens and
standards were sampled at the 40/hr. rate (2:1, sample:wash). Sub-
sequent experiments disclosed that sampling at the 60/hr. rate (2:1,
-sample:wash), yiclded recordings 97% of the continuous sampling
response with no increase in sample interaction (Fig. 7). This is the
recommended rate. _

Enhancement of magnesium absorption by serum protein was re-
ported by Willis (8), who recommended suppression of this inter-
ference with Sr++, Stewart et al. (5) in a later study of physieal and

chemical effects, found Ca*+ and SO, mterference and suggested

incorporation of these ions in both serum specimens and standard
solutions. No phosphate interference was reported at 6.3-n1[ levels,
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which is approximately double the normal serum level. In the procedure
presented in this paper, the acidified lanthanum trichloride diluent
solution was retained because its further use in tissue analysis (9) and
in the analysis of fluids containing larger amounts of phosphate was

Fiz. 5 A, B, C. Serum mag-
pesium by cutomated AAS.
Analyses of 14 serums and com-
mereial control serum (Chem-
trol*). A and B. Recovery anal-
yses  (flow system B), with
serums diluted 1:1 with stand-
ards: 4 mg./100 ml, and 2 mg./
100 ml., respectively. €. Serum
specimens.

9o 8 70 60 50, 40 30 20
. RECORDER READINGS

contemplated. No experiments were conducted without inclusion of the
suppressant in the serum diluent. -

Recent disagreements cdncerning the magnesium concentration in

_*Clinton Laboratories, Los Angeles, Calif.

et e e ———



"w-

794 - KLEIN ET AL, Clinical Chemistry

normal hwman serum (10) prompted the analysis of a series of serum
speeimens obtained from healthy human subjects by the present pro-
codure. Twenty of the 24 serums were also analyzed hy the automated
(luorometric technic recently developed (2). The results are given in .

STANDARDS

TR CHEMTROL
e e e T 2
SR .__t IS oo 4§
D !
e - RECOVERIES {1:1 DILUTION
ST TN T WITH 20 mq./. Mq“')
e e s -} 8
e een = e S o 9
T CHEMTROL
=
- T2
————m 78 '

T noliioo CHEMTROL

T
— .
PR —
I ——— ) .
) s Mgt t
T P STD'S
e e 1 o e 4
- Y | .

90 80 70 &0 50 40 30 20 10
RECORDER READING

Fiz. 6. Serum magnesium by automuted AAS. Analysis of 9 serum specimens and commercial
control serum by How system A. Also, two series of recovery analyses.
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Table 1. By the atomic absorption procedure the mean serum mag-
nesium concentration was 1.76 mlq./L. (S.D., 0.20), almost identical
with the value reported by Stewart ef al. (5) for 100 subjects. This
figure is consistent also with the value of approximately 1.7 mEq. /L.
obtained by diverse methods and cited by Alcock el al. (10), but lower
than the concentration reported by Wacker et al. (11). By the fluoro-
metric procedure the mean was 1.78 (5.D., 0.19). This is consistent with
fthe serum magnesium concentrations by fluorometry reported by
Schachter (12) and by Thiers (23). The results obtained by the analysis
of a more extended series will be presented in another communication.
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Figure 1. Diagram indicating the anatomical configuration of the
suprarenal region where the application of the technique
of fistulization of the suprarenal vein can be carried out,
At A, aorta; at C, vena cava; at A,D.I., inferior diaphragmatic
artery; at S.P., splanchnic: at S, suprarenal; at A,S.M,,
middle suprarenal artery; at V.L,S., lumbar suprarehal vein;
at V,J., Jugular vein; at A.S.I., inferior suprarenal artery;
at A,R., renal artery; at R, kidney; at V.R,, renal vein,
Each circulatory arrest caused by constricting the suprarenal
vena cava immediately produces the passage of blood into the
lumbar suprarenal vein which is artificially elongated by a

fragment of the jugular vein,
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the excitation of a zone in the hypothalamus which regulates adrenaline
secretion,
The experiments performed by one of us in collaboration with‘
R. Saric4 have made it possible to establish that the volume of the
suprarenal venous blood markedly increases in dogs in which the encephalic
nerve centers are perfused with blood cominé from the same species, which
has been made hypoglycemic by insulin administration. The'central.origin
of postinsulin hyperadrenalinemia is found therefore, to be confirmed.
The work on the influence of hypnotics on diuresis has led E.P. Pick
and his co-workers to consider that moderate doses of barbiturate deriva-
tives paralyse the thalamic centers in a selective manner. On the other

5, have observed the destruction of post-

hand, Wauters and one of us
insulin gastric hypersecretion in animals which have received hypnotic
doses of sodium barbital,

These results induced us to study whether hypnotic doses of barbital
or magnesium sulfate, would modify postinsulin hyperadrenalinemia by

particularly paralysing the thalamic centers.

(a) The effect of sodium barbital on postinsulin hyperadrenalinemia

In this series of experiments, we used dogs lightly anesthetised
with chloralose then intravenously given 100-150 ﬁg/kg BW of sodium
barbital, To quantitatively evaluate adrenaline secretion we used the
method of fistulization of the suprarenal vein, Adrenalinemia was
evaluated by the.comparative study of the inhibiting‘action on intestinal
motility that various samples of blood collected from the lumbar extremity
of the artifically extended suprarenal vein, possess., In order to lessen
the loss of blood inherent in a permant suprarenal fistulization, it is

preferable in place of performing a permanent ligature of the opening
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of the suprarenal vena cava, not to induce the venous flow by the supra-
renal lumbar vein until after traction of the slack thread placed on the
suprarenal vena cava (see the diagram in Figure 1),

By carrying out this operation several minutes before each sampling
of suprarenal blood, one avolds the hypotension and the changes of adrenaline
secretion owing te the continued bleeding wﬁich becomes established at the
time of a permanent éuprarenal fistulization.

' When following this technique we injected chloralosed dogs maintained
for 20 minutes wnder the influence of sodium barbital, with a dose of 0,5-1
unit of insulin per kg BW. Afterwvards we carried out the sampling of the
suprarenal venous blood the entire 20 minutes in order to keep track of the
changes in adrenalinemia in the course of the progressive hypoglycemia
released in this way.

Whereas in the control dogs subjected only to the effect of chléralose,
é definite hyperadrenalinemia is set-up as soon as glycemia falls below
650 mg/liter (Figuré 2), one does not observe any appreciable modification of
the adrenaline content of the suprarenal venous blood after administration
of sodium barbital (Figure 3).

These results lead one to think that sodium barbital inhibits post-
insulin hyperadrenalinemia by decreasing the ekcitability of the thalamic
region, |

It is poss;ble therefore that the impediment both to diuresis and to
postinsulin hyperadrenalinemia caused by the sodium barbital, could be
interpreted as the consequence of a paralysis of the regulatory regions for

diuresis located in the thalamic region.
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Movementé of a rabbits' isolated intestinal loop.

Flgure 2,

At A, addition of 0.25 cc of normal suprarenal blood.

At B, C, D, addition of the same amount of suprarenal venous

and 80 minutes after the injection

40,

»

blood collected 20

5 unit of insulin/kg.

of 0,
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Figure 3. Movements of a rabbits' isolated intestinal loop.
At 1, addition of 0.25 cc of normal suprarenal venous blood.
At 2, 3; 4, and 5, addition of the same quantity of suprarenal
venous blood collected 20, 40, 80, and 100 minutes after
administration of 0.5 unit of insulin/kg to a chloralosed

dog which had received 100 mg/kg BW of sodium barbital,
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(b) Effect of Magneslum Sulfate on Postinsulin Hyperadrenalinemia

According to Pick (9) and Yamawaki (10), magnesium ions exert
their narcotic effect as a result of their selective fixation on the
cerebral peduncle and on the striated body. It seemed of interest to us to
study the influence of magnesium sulfate on postinsulin hyperadrenalinemia,
whose origin in the central nervous system had been shown by Saric and one

4

of us",

By using‘exactly the same techniques as in the previously described
sEudies, we determined, by the method of fistulization of the suprarenal
vein, the effect in the lightly chloralosed dog of intravenously injecting
from 100-150 mg/ks BW of magnesium sulfatcy on the hyperadrenalinic reaction
which accompanies the injection of insulin.

As one observes by examining Figure 4, in the course of the magnesium
narcosis no further appreciable change in adrenaline secretion is produced
even though the glycermia reaches an amount below 600 mg/liter of blood.,

These results are therefore completely conpérable to those which we
observed when utilising sodium barbital as the hypnotic agent,

The total effect of these verifying experiments is to show that the
postinsulin hyperadrenalinic reactions cannot be produced unless the glyco-
regulatory and thalamic adrenaline secretory centers retain their functional

integrity intact,

(¢) Is the Inhibition of Postinsulin Hyperadrenalinemia Peripheral?

The depressive properties of magnesium sulfate have been attributed
by Jolyet and Cahours ( 1l) to a purely curare like effect. According to
Rabuteau (12), the pharmacological action of this substance is exercised

on the smooth musculature itself,
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AFigure 4, Movements of a rabbit's isolated intestinal loop.
At A, addition of 0,25 cc of normal suprarenal venous blood,
At B, C, D, addition of the same quantity of suprarenal
venous blood collected 20, 40, and 80 minutes after the

administration of 125 mg/kg of magnesium sulfate,
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Per Buiet (13), magneéium sulfate does mnot unfavorably influence
respiration from the fact that it does not exert a curare like effect on
the phrenic nerve.

If one is to believe'all‘of these studies and the opinion of Zondek
(14), magnesium sulfate manifests a curare-like effect in the first place
and only secondarily paralyses the central nervous system,

In a study carried out on the rabbit and the frog, J. Simon (15)
has clearly shown that the hypnotic effect of magnesium sulfate already
apparent ‘after the administration of the dosage, in no way influences the
peripheral nervous system,

In order for the neuromuscuiar connections to be injured, it is
necessary to use very high concentrations of this substance, Therefore
it is hardly surprising that Hazard and Wurmser (16) as well as Wodon (17)
regard magnesium sulfate as truly curare-~like in the sense indicated by
Lapicque. In effect, as M. Despres (18) has confirmed, in strong doses
this material produces an increase in muscular chronaxy with maintenance of
nerve chronaxy. |

Because of our concerns, the research of Hazard and Wurmser (19) on
the excitability of the sympathetic nervous system under the influence of
magnesium sulféte particularly interests us., These authors showed in effect
.that strong doses of magnesium sulfate increase the cardiac accelerating
action of adrenaline and exercise a depressive-action on the splanchnic
nerve.

But, as we have shown with Saric, postinsulin hyperadrenalinemia
results in a hyperexcitability originating in the central and sympathetic
nervous systems, Accordingly, befpre attributing the inhibi‘ion of

adrenaline secretion which accompanies insulin hypoglycemia to a selective
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fixation of Mg ions on the thalamic nervous centers, it is important to
make sure that at the dosages used this hypnotic agent does not exert a
curare-like effect on the splanchnic nerve endings,

For this reascn, we have studied if the effects of electrical excitation
at the peripheral end of the splanchnic nerve are appreciably modified when
100 mg of magnesium sulfate is first injected in the animal, The excitation
time and the current intensity were strictly kept identical in the course
of two successive trials, |

" Under these coenditions, as one can see by examining Figure 5, in the
majority of trials if one waits until the blood pPressure returns to normal
after magnesium sulfate administration, one does not observe reduction of the
adrenalinic response from excitation of the splanchnic nerve under the
influence of magnesium sulfate., For dosages higher than 150 mg/kg the blood
pressure remains depressed for a prolonged time and under these circumstances
adrenaline hypertension following nerve stimulation is less pronounced than
in the normal state. These observations confirm the results previously
obtained by Hazard and Wurmser (16) on the subject of the depressive effect
of strong doses of magnesium chloride,

The verifications which we have just made make it possible therefore
to conclude that at the doses we used, magnesium sulfate produces post-
insulin hyperadrenalinemia by a mechanisn whicp is central in origin. 1In
effect, under these conditions one cannot attribute the suppression of
the exaggeration of adrenaline secretion which follows the administration
of pancreatic hormone to a peripheral curare-like effect.

General Considerations

The impeding of postinsulin hyperadrepalinem{a caused'by sodiunm barbital

and magnesium sulfate can be interpreted in different ways., If one agrees
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Arch. Int. Pharmacodyn. LKVI(3), 1941
Work from the Laboratory of Pharmacodynamics of Brussels University
Director: Prof, J, LaBarre
A Contribution to the Study of the Paralysing Action of Hypnotics on the
Thalamic Centers., II. The Effects of Sodium Barbital and of Magnesium
Sulfate on Adrenaline Secretion
Jean LaBarre and Georges Kettenmeyer

, (work received April 8, 1941)

Besides the characteristic modifications of the stomach which we
have recently pointed out, the hyperexcitable state of the glucose
sensitive centers induced by the administration of insulin can involve
the hyperactivity of the adrenaline secretory centers,

The position of the regulatory centers of adrenaline secretion has
been discussed a great deal., According to Stewarﬁ and Rogoffl, after
the section of the dorsal medulla, the adrenaline secretory function is
completely destroyed, The authors consider that this observation
furnishes the proof of the existence of a dorsal medullary center which
regulates suprarenal secretion.

Tournade, Chabrol and Wagnerz, as well as Houssay and Molinelli3,
have proved by the method of suprarenal-jugular anastamosis that all
bulbar puncture or faradization of this reglon results in hyperadrenalemia.
These facts argue in favor of the existence of an adrenaline secretory
center located in the medulla oblongata.

Furthermore, Houssay and Molinelli have observed that all stimulations

carried out on the tubero-infundibular region cause hypertension following
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Figure 5, Carotld pressure of a dog in which the splanchnic is

excitad at E,
Graph A: normal state

Graph B: after administration of 100 mg of MgSO,

The second splanchnic excitation was carried out 15

minutes after the magnesium sulfate injection.
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with Houssay and Moliﬁelli (3) that there exist centers important for
adrenaline secretion in the thalamic region, one is justified in supposing
that these hypnotics paralyse the glucose sensitive and adrenaline secretory
centers located in this same region, at the same time., Sodium barbital

and magnesium sulfate can, according to a second hypothesis, advanced by
Tournade and his co-workers, depress the thalamic region and the bulbar
adrenaline secretory centers. Finally, it is possible to imagine that the
paralysis alone of the thalamic sensitive zones causes the suppression of
akl transmission of nervous impulses to the regulatory regions of suprarenal
secretion normally connected to the medullary adrenaline secretory.centers.

Concerning magnesium sulfate, the inhibition of ﬁhe exaggeration of
postinsulin adrenaline secretion cannot be explained therefore by a curare-
like effect of this substance.

The different verifications which we have carried out make it possible
to understand better the observations of Winter, Richey and Barbour (20)
who have pointed out the reenforcement of the antipyretic effect of phenacetin
in dogs subjected to the influence of magnesium salts., In the same way,
one should understand what Barbour and Taylor (21) have observed that the
addition of magnesium chloride to sodium barbital produces an ihcrease of
the narcotic phenomenon,

These various studies lend support to the opinioh expressed by Pick
according to which magnesium sulfate and the barbiturate derivatives exercise
their hypnotic effects by producing a paralysis of ﬁhe thalamic centers.

SUMMARY

1, Sodium barbital and magnesium sulfate in moderate doses (100-150
mg/kg) produce a complete inhibition of postinsulin hyperadrenalinemia.

2. This phenomenon follows a paralysis of the thalamic centers by

these hypnotic agents and is not due to a peripheral curare-like effect.
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TRAVAIL DU LABORATOIRE DE PHARMACODYNAMIE DE L'UZ\'I\'ERSITI:I DE
BRUXELLES. DIRECTEUR @ PROF. DR. J. LA BARRE

CONTRIBUTION A L'ETUDE DES HYPNOTIQUES A ACTION
PARALYSANTE SUR LES CENTRES THALAMIQUES

II. Effets sur barbital sodique et du sulfate magnésique sur
' I’adrénalinosécrétion.

PAR

Jeax LA BARRE v GFORGES KETTENMEYER

{ Travail requ le 8-1-1941.)

. En dehors des modifications fonctionnelles de Pestomac que nous
venons de signaler, état L’hyperexcitabilit¢ des centres glycosensibles
provoquée par Padministration d'insuline peut entrainer Phyperactivite
des centres adrénalinoséerdteurs.

On a beaucoup discuté & propos de la situation des centres régulateurs
de Padrénalino-séerétion. 1’apres STEWART ¢t ROGOFF (1), 1l existe une
abolition compléte de la fonction adrénalinoséerétoire apres section de
Ja moelle dorsale. Cette observation fut considérée par ces auteurs
comme apportant la preuve de existence d'un centre médullaire dorsal,
régulateur de la séerétion surrénale.

Par la méthode d'anastomose surrénalo-jugulaire, TourRnADE, CHABROL
et WAGNER (2), ainsi que Houssay et MOLINELLI (3), ont prouvé que
toute piglre bulbaire ou faradisation- de cette région entraine de
I'hyperadrénalinémie. Ces faits plaident en faveur de la préscnce d'un
centre adrénalinoséercteur situé dans la moclle allongce.

Enfin, Houvssay et NIOLINELLI ont not¢ que toute stimulation portant
sur la région infundibulo-tubérienne détermine de VPhypertension
consécutive A Pexcitation d’une zone régulatrice de I’adrénalinosécrétion
située dans "hypothalamus.

Les expériences réalisées par I'un de nous en collaboration avec
R. Saric (4) ont permis d'établir que la teneur du sang veineux surrénal
S'accroit notablement chez le chien dont les centres nerveux encépha-
liques sont perfusés par du sang provenant d'un congénére rendu

a9



3!() JEAN LA BARRE ET GEORGES KEI’TE‘\X.\]EYI{R

hypoglveémique par administration d’insuline. L’origine centrale de
I'hyperadrénalinémie postinsulinique se trouverait ainsi confirmée.
L'¢tude de Pinfluence des hypnotiques sur la diurése a amené
. P. Prcx et ses collaborateurs, & considérer que les dérivés barbituriques
donnés 4 doses moddérées paralvsent de fagon édlective les centres
thalamiques. D’autre part, WauTers ¢t I'un de nous (5) ont observé
une abolition de I'hyperséerétion gastrique postinsulinique chez les
animaux qui avaient regu des doses hypnotiques de barbital sodique.
Ces resuitats nous out engagds & rechercher si des doses hypnotiques
de barbital ou de sulfate magnésique, en paralysant plus particuliérement
Jes régiens thalamiques, modifieraient ’hyperadrénalinémie postinsu-

linique.

Al
a) Action du barbital sodique sur Uhyperadrénalinémie postinsulinique.

Dans- cette série d'expériences, nous avons utilisé des chiens
légérement anesthésiés au  chloralose, puis ayant regu par voie
intraveincuse 100 a 150 mg. de barbital sodique (par kg. de poids
corporel). Pour ¢valuer quantitativement la séerétion adrénalinique, nous
avons eu recours 4 la méthode de fistulization veineuse surrénale. Par
Pétude comparative des effets inhibitcurs sur Ja motilité intestinale
que possedent divers échantillons de sang recueillis i Pextrémité lombaire
de la veine surrénale artificiellement prolongée, on peut ¢valuer adré-
nalinémic. Afin de diminuer la perte de sang inhérente 3 une fistulisation
surrénale permanente il est préférable au lieu de pratiquer la ligature
deéfinitive de 'abouchement cave de la veine surrénale, de ne provoquer
I'écoulement veineux par la veine surrénale lombaire qu’aprés traction
sur le fil Jache placé sur la veine surrénale cave (voir schéma de la
figure 1).

En effectuant cette manceuvre quelques minutes avant chaque prise
de sang surrénal, on évite Phypotension et les changements de
I'adrénalinosécrétion dus.a la saignée continue qui s’établit lors d’une
fistulisation surrénale permancnte.

En utiisant cette technique, nous avons injecté au chien chloralosd
¢t maintenu pendant 20 minutes sous 'influence du barbital sodique,
unc dose de 0.5 a 1 unité d'insuline (par kg. de poids corporel). Nous
avons ensuite effectué des prises de sang veineux surrénal toutes les
20 minutes afin de nous rendre compte des variations de 'adrénalinémie
au cours de 'hypoglycémie progressive ainst déclenchée.

Alors que chez les chiens témoins soumis uniquement & I'influence
du chloralose, il s’installe une hyperadrénalinémie nette aussitot que

419
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sSchéma indiquant la configuration anztominue de la rérion surrénale permeitant

Fapplication de la technique de fistulisation veincuse surrénale.
En A, aotte; en C, veine cave; en A.D.I., artdre diaphragmatique inférieure; en A.8.5.,
. artére surrénale supéricuic; en SP, splanchnique; en S, surrénale; en 4.8.M., artere
‘?, . surrénale moyenne; en V.L.5., veine jombo-surrénale; en V.J., veine jugulaire; en
A.8.1., artere surrénale inférieure; en A.R., artire rénale;en R, rein;en V.R., veine rénale.
"Tout arrét circulatoire provoqué par pincement de la veine surrénale cave entraine
immeédiatement le pussage du sang dans la veine lombe-surrénale artificiellement pro-

longée par un fragment de veine jugulaire.

la glycémie tombe en dessous de 650 mg. par litre (F16. 2), on n'observe
aucune modification appréciable de la teneur du sang veineux surrénal
en adrénaline apres ’administration de barbital sodique (F1G. 3).

Ces résultats permetrent de penser que le barbital sodique inhibe
hyperadrénalinémie postinsulinique en diminuant l'excitabilité de la
région thalamique. ‘

Ces observations peuvent &tre mises en relation avec les constatations
de WALTON (6) suivant lesquelles la diurése aqueuse se trouve également
fortement atténuée sous l'influence des dérivés barbituriques. Cette
action inhibitrice n’existe pas d’aprés BONsMANN (7) et BERGWALL 8
chez les animaux traités par des anesthésiques corticaux tels que le
chloral et la paraldéhyde.

Il est donc possible que I’entrave apportée par le barbital sodique
tant 2 la diurése qu'a I'hyperadrénalinémie postinsulinique, puisse
s'interpréter comme la conséquence d’une paralysie des centres

‘ adrénalinosécréteurs et des régions régulatrices de la diurése situés
‘ dans la région thalamique.

et T
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Ficurz 2
Mouvemerts d’une anse intestinale isolée de lapin.,
En 1, addition de 0.25 cc. de sang veincux surrénal normal,
En B, C, D, addition de la méme quantité de sang veineux surrénal recueilli zo, 40 Is
¢t 8o minutes aprés I'injection de 0.5 unité d’insuline (par kg.).
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FIGURE 3
Mouvements d’une anse intestinale isolée de lapin.
En 1, addition de 0.25 cc. de sang veineux surrénal normal.
En 2, 3, 4 et 5, addition de ]a méme quantité de sang veineux surrénal recueilli 20,
40, 80, 100 minutes aprés I'administration de 0.5 unité d'insuline par kg. & un chien
chloralosé, ayant requ 100 mg. de barbital sodique par kg. de poids corporal. -
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bY Action du sulfate magnésique sur Uhyperadrénalinémie postinsulinique.

D'aprés Prek (9) et Yamawakl (10), les ions My auraient une action
narcotisante par suite de leur fixation élective sur le pédoncule cérébral
ct sur le corps stric. Il nous a paru intéressant de rechercher I'influence
du sulfate magnésique sur 'hyperadrénalinémie postinsulinique dont
'origine nerveuse centrale avait ¢été démontrée par Saric et I'un de
nous (4).

En utilisant exactement l2 méme technique que pour les cssais
précédemment déerits, nous avons, chez le chien légérement chloralosé,
apprécié, par la mithode de fistulisation veineuse surrénale, les eifets
de injection intraveineuse de 100 & 150 mg. par kg. de poids corporel de
sulfate magnésique sur la réaction hyperadrénalinique qui accompagne
Pinjection d’insuline.

Ainsi qu’on le note a Pexamen de la figure 4 au cours de la narcose
magnésienne, il ne se produit plus aucune variation appréciable de
Padrénalinoséerétion méme lorsque la glyeémie atteint des chifires
inférieurs a 6oo my. par litre de sang.

Ces résultats sont done entiérement comparables a ceux que nous
avons obscrvés en utilisant le barbital sodigue comme agent hypnotique.
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FiGure 4
Mouvements d’une anse intestinale isolée de lapin.
En A, addition de o.25 cc. de sang veineux surrénal normal.
En B, C, D, addition de la méme quantité de sang veineux surrénal recueillixzo, 40
et 80 minutes aprés 'administration de 125 mg. de sulfate magnésique (par kg.).
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[’ensemble de ces constatations montre que les réactions hyper-
adrénaliniques  postinsuliniques ne peuvent se produire que lorsque
les centres glycordégulateurs et adrénalinoséerdéteurs thalamiques con-
servent leur intégrit¢ fonctionnelle complete.

¢) L'mbibition de Uhyperadrénalinémie postinsulinique est-elle d’origine
périphérique ? ‘

Les propridtés dépressives du sulfate de magnésic avait été attribudes
par Joryer et CaHOURs (11) a un effet purement curarisant. 1)'aprés
RanuTeav (12), action pharmacologique de cette substance s’exercerait
sur la musculature lisse elle-méme.

Pour Binet (13), le sulfate magnésique n’influencerait pas défavorable-
ment la respiration du fait qu’il n’exerce pas d’action curarisante sur
le nerf phrénique.

Si l'on s’en rapporte & P'ensemble de ces travaux et a 'opinton de
ZowDEK (14), le sulfate magnésique manifesterait en premier licu une
action curarisante et ne paralyserait que sccondairement le systéme
nerveux central,

Dans une étude faite chez le lapin et chez la grenouille, J. SimonN (13)
a démontrd nettement que Paction hypnotique du sulfate magndsique
apparait d¢ja aprés administration de doses n'influencant nullement
le. systémie nerveux périphérique. Pour que l'es connexions neuro-
musculaires soient atteintes, il faut emaployer des concentrations trés
élevées de ce produit. Aussi n’est-il guére étonnant que Hazarp et
WURMSER (16) ainsi que Wopox (17) considérent le sulfate magnésique
comme un curarisant vrai dans le sens indiqué par LaricQur. En effet,
ce produit entraine, & fortes doses comme M. DEspres (18) I'a confirmé,
une augmentation de la chronaxie musculaire avec maintien de la
chronaxie nerveuse. :

Pour ce qui nous. concerne, les recherches de HAZARD et WURMSER (19)
sur Pexcitabilité du sympathique sous 'influence du sulfate magnésique
nous intéressent tout spécialement. Ces auteurs montrent en effet que
les fortes doses de sulfate magnésique augmentent action cardio
accélératrice de 'adrénaline et exercent une action dépressive sur le nerf
splanchnique. :

Or, 'hyperadrénalinémie postinsulinique résulte, comme nous 'avons
montré avec SARIC, d’une hyperexcitabilité d’origine centrale et sym-
pathique. Aussi, avant d’attribuer I'inhibition sécrétoire adrénalinique
qui accompagne 'hypoglycémie insulinique a une fixation élective des
tons Mg sur les centres nerveux thalamiques, importait-il de s’assurer
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quiaux doses utilisées, cet agent hypnotique n’exergait pus d'action
curarisante sur les terminaisons splanchniques.

Pour ccla, nous avons recherché si les effets de Pexcitation ¢lectrique
du bout périphérique du splanchnique se trouvent sensiblement modifics
lorsqu’on injecte au préalable a Panimal 100 my. de suifate magnésique
(par k). Le temps d’excitation et Uintensité du courant sont maintenus
rigourcusement identiques au cours des deux essais successifs.

Dans ces conditions, ainsi qu’on peut s’en rendre compte a Pexamen
de Ia figure 5, dans la majorité des essais si I'on attend que la pression
sanguine soit revenue a la normale aprés administration de sulfate
magnésique, on ne note pas, sous 'influence du sulfate magnésique,
de diminution de la réponse adrénalinique & Pexcitation du splanchnique.
Pour des doses supéricures & 150 mg. (par kg.), la pression sanguine
reste abuissée pendant un temps prolongé et dans ces circonstances
Phypertension adrénalinique conséeutive A la stimulation nerveuse est
moins accusée qu’a I'¢tat normal. Ces observations confirment les résul-
tats antérieurcinent obrenus par Hazaxp et Wuiaier (16) au sujet
de T'action dipressive de fortes doses de chlorure magnésique.

Y e ey reop: iy s - ——y
;«'. PR .
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t
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FIGURE 3
Pression carotidienne d’un chien dont on excite le splanchnique en E.
Tracé A : a I'état normal.
Tracé B : aprés administration de 100 mg. de 50, Mg.
La seconde excitation du splanchnique a été pratiquée 15 minutes aprés Vinjection
de sulfate magnésique.

Les constatations que nous venons de faire nous permettent donc
de conclure qu’aux doses que nous avons utilisées, le sulfate magnésique
: entraine 'inhibition de I'hyperadrénalinémie postinsulinique par un
i mécanisme d’origine centrale. En effet, dans les conditions ol nous
nous sommes placés, on ne peut attribuer la suppression de Pexagération
sécrétoire adrénalinique qui suit Padministration de ’hormone pan-

créatique 4 un effet curarisant périphérique. -
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CONSIDERATIONS GENERALES

L'entrave apportée par le barbital sodique et le sulfate magnésique
a I'hyperadrénalinémie postinsulinique pent s’interpréter de différentes
fagons. Si Pon admet avec Houssay et MOLINELLI (3) Dexistence de
centres importants de I'adrénalino-séerétion dans la région thalamique,
on est autorisé & supposer que ces hypnotiques paralysent 4 la fois
les centres glycosensibles et adrénalinoséerétoires situds dans cette méme
région. Le barbital sodique ¢t le sulfate magnésique pouvazient, sclon
une deusitme hypothése, déprimer la région thalamique ¢t les centres
adrénalinosceréteurs bulbaires, admis par TOURNADE et ses collabora-
teurs. Infin il serait possible de concevoir que la seule paralysie des
zones sensibles thalamiques entraine la suppression de toute transmission
d'influx nerveux vers des régions réguldtrices de la séerétion surrénale
normalement en relation avec les centres adrénalinosécréteurs médul-
Laires.

Pour ce qui concerne le sulfate magnésique, Pinhibition de
I'exagération postinsulinique de Padrénalinoséerétion ne peut donc pas
s'expliquer par une action curarisante de cette substance.

Les ditférentes constatations que nous avons faites permettent de
mieux comprendre les observations de WiNTER, RICHEY et BaRBOUR (z0)
quiontsignalc le renforcement de Paction antipyrétique de la phénacétine
chez les chiens soumis & linfluence des sels magnésiques. De méme
on comprendra que BARBOUR et TAYLOR (21) aient noté que I'adjonction
de chlorure magnésique au barbital sodique produit une augmentation
des phénoménes narcotiques.

Ces divers travaux viennent 4 l'appui de P'opinion émise par
P1ck et suivant laquelle le sulfate magnésique et les dérivés barbituriques
exercent leurs effets hypnotiques en entrainant une paralysie des centres

thalamiques.

RisuME

1. Le barbital sodique et le sulfate magnésique produisent déja a
doses modérées (100 a 150 mg. par kg.) une inhibition compléte de

Phyperadrénalinémie postinsulinique.
2. Ce phénoméne est consécutif 4 une paralysie des centres

thalamiques par ces agents hypnotiques et non 1 une action curarisante
périphérique.
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FRENCH TRAHSLATION

The effect of Colloidal Magnesium Hydroxide and Sodium
Thiosulfate on White Blood Corpuscles
J. Lebduska and F. Cervinka

Compt. Rend. Soc. de Biol, 103: 366-368, 1930

We consider it unnecessary to explain here the history of our present
understanding of phagocytosis; we only mention the name of Metchnilkoff who
first determined the details of this cellular defense against microbes,
Until the work of Hamburger and his school, there have not been systematic
studies on the influence that various medicinals can have on this biologicai
.phenomenon. This question was enlarged in 1915 by Delbet's discoveryl,
egpecially important from a practical point of view, of the activating
action of magnesiﬁm chloride on phagocytosis., It was Delbet, who first
conceived the importance of magnesium in the animal organism and the recent
account of his resecarch confirms this preceding discussion., Magnesium can
exert an apparent effect on the living cell which this author denoted with
the term of "cytophylactic effect', as for the white blood cells, magnesium
chloride causes an increase of phagocytosis, which in vivo can. reach
300 percent of the ﬂormal level.

It appeared interesting to us to investigate if a similar effect takes
place with another magnesium compound, colloidal magnesium hydroxide, whose
therapeutic use, under the name Polysane, is partic&larly recommended by

Beckaz; we also have studied another chemotherapeutic agent, sodium

thiosulfate, which recently has become the object of investigétions by

1 Mbnde‘Medical, 1929, p. 969, See also C. B, de 1'Acad, des Sc., 161:268, 1915,
2 Casopis lekarn ceskych 1927, nos. 22 and 30.
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Kabelik3. We will now give the results which we have obtained with these
two substances in vitro. Ve have followed the same experimental techmique
as Hamburger and Delbet., We used white corpuséles from the venous biood
of the horse, The blood samples wére made in test tubes containing 50 cc of
an lsotonic citrate solution as an anticoagulanf: 0,7% sodium chloride and
1.17% sodium citrate; this amount is enough for 150 cc of blood., Once the
white cells were separated and wvashed we obtained a thick suspension,
céntaining for the most part polynuclear cells, Two cc of this suspension,
2 cc of the solutions being studied and finally 0,25 cc of a B, coli culture
in peptone containing broth, more than 24 pours old, was distributed in
tubes. Two tubes to which no colloidal hydroxide or sodium thiosulfate
were added acted as controls. All the tubes were put in the oven for 10 to
20 minutes; then by means of Pasteur pipettes, slides were made which were
stained with Loefflexr's alkaline blue. At every concentration of colloidal
magnesium hydroxide or sodium thiosulfate (N/ln,‘N/lOO, N/1,000, ¥/10,000)
we counted 300 polynuclear cells and we determined the number of bacteria
which they phagocytised. The accompanying table shows the results we
obtained. The numbers indicate the phagocytoses per 100 leucocytes,
Colloidal magnesiumAhydroxide and sodium thiosulfate are thus shown to
be stroﬁg stimulators of phagqcytosis in vitro; the increase can reach 250
percent in relation to the normal, The intensity of the activity of these

two substances is very close; however, it appears to be a little more marked

3 Ceska dermatologie 1.5, nos, 3-5,



434

Substance Concentration of the solution
Experiment studied Control N/10 N/100 N/1000 N/10000

1 Mg(OH), —-— 30 49 42 57
Nap$203 20 56 33 42 64
Han 54903 90 70 219 194 207

3 Mg(OII)?_ - . 29 51 59 66
Nag 5203 42 34 54 64 63

4 1g(0H) _— 26 53 59 59
NaySy04 25 50 58 61 53

5 Mg(OH) 5 - - 100 164 140

Nay$,03 65 60 144 170 120
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for the sodium thiosulfate. The phagocytosic activity has its maximum at
the concentrations of the solutions which range between N/1000 to N/10,000;
on the other hand, the concentration N/10 weakens or even suppresses the

activity of the polynuclear cells,

(Pharmacology Institute of the Veterinary School)



434

NCHION DE LHYDIRONY B CULLGTDAT, DX MAGNS s 1

PIUOL THIOSUPUNTE DE SGURDE SU Lhs Gl 6T s BLAN b

par Jo Lepnesns ol FooCinvises

Nous eroyons st de ddvebipper i historique de nes e
crsanees aebretes v L pliasbestose s cilony seafennent o ope
o Metehinih oA g ac e preraier ABlermind de:

b

circcislanees
Ctte difens cellnlaney contie bes o aniepnbes,

I . M

dUuseraux fravie

e b b cer e de o senc ceote gl nty w paes e dPétndes sastén,

prigties s Piofbacnee e oo
I

ererrer fes aibvers ad !
EREIY R T A

shérn ne bialesigue, Colie geesiion o 608 enl
g o ke ddeonverte e Dot

+
Cres Daportante surton!

coint de e pradigquoe, s Paction adiivante Joe ohlarore
nrrensitiig sur b plueoceatose, Clest belliel

+!
qui, le prennie
i Vireportone e o nondsivm das Péecninnie animabe
Pexjosdopéoent de sos recherehes corhirmne ses vies pededdento
b nnrendcsiin excrecrait s I celiale vivanle une aclion med
veste que el atene désigne dic terme @ oaclion exfophy lactiqa

vl anyx slobudes Blanes le chilorare de mavndsivm andue un

at Mesed o ddieel. ygean poogline Voir aussi 0 1L dve Pibead, des sea, 1ot
LY RTINS




sEANCES bDEs 12 k1 O guay 1029 L

cugmentation de Ja phagoeylose, qui pestd alicindie in rivo Son
poroo du taey noreal,

I nous o paru intéressant de secherelior st one aciion Pdentigne

reonanfeste wvee up aubre composd magndsien o Phiadroayide
-olloidal de My, dont Pemiploi en itrapeniique, sous e ropn @
S Pobysune o a el préconisé surloat par Beekn (00 poas inons
Jedie avssioun aclre agent cbimiothidea; ique, e

deosonde, gquidoa fail, dans ces dernders temps, Pod

aseiil

pel dvovecher.

hesode Tapart de Kebelih (30 Neas exposercns jet Jes cdsualtad
aue nous avors oblenus avee cos deus subsbances e eilne, Nows
«vons suivi o méme techuique oxvpivimentade gu'thonburger o
e Delbel, Noos avons ciilisé Jos olobules blanes prosenant du
sang veineny Ju Ghevall ;

dians des éprouvelles conlerand camme anticonenband o o

Utine solubion wolongiee cillvadee o7 paoteo de ehiforiee G

O prcivements deosane oot Sid fuils

sodtting el 1, op too de cilvate de soude o eelle graniitd <o fisan
ponr oo coes du sang. e Tois Jes slobades Dlanes fsolés of Joaes
notts avons oblenu une suspension ¢aisse, corlenanl en nmjor
partie des polvnueléaives, On o disteibod dins des fihes o el
cette suspension, o c.el des sohulions & Chadier et endin o, e,

$une culture de B, eoli en benilton peptond, dude deoof heares

Concentiation de b sobntivy

boap-
rienees Rubstanes étwdice Témon Nt N inh N e A
P Me 5 » . -
Na#s " I i L 0
h i 6 .
LA ’
‘ T B T -
It Me O (L, , oy Y] R v
NoESEOF L " K 5 04 o
A M O L, - uth O o D
NaERE ! iy N by ,
\ Mo O oL, oo RN +
g 0
NSO L G e e ;

ophass Dees tobes wdCavaet recu ancane addition dUs dioad
dowdal de e ndaie an o de thiosolate de wonde <orvanent (b
‘f 1

norne Tore des tnbes onb ¢4 Pt s vercland o oo ninnle-
: '
foe

Sebve s pris, oo Pavde de g

Pastony ona el o

caents o on codoradt an Dlenr b i de boetTer BT
o dhydrosyde cothidad de et e ol e U el
e ONTrGD N oD N oo N ol w0 nogs avene L 0T

sl eonds Jelrag cenlvile gt s ol

Pl depenntadege t 30 et A

BN e e nT et oN Aol s Bt anly

Cdveleaires ol nos s ens délermind e nombiee des Baetongo <

et ophagosytées Te tabidens ol joini expose les resufts

PR . . t S v s
crrec USRS b eats c|§>i|‘!||f-" Il‘\' «-{th"-\ |,’:(hﬁ!ill‘!li ?nu. }HI.\.‘_‘HA NIRRT

METAAY ?t.'\.

R TS P T I SRS ot b thieeeiate o ~oebide -

)
th

co e AR e e sTishanis prdssands e faop

b e el s Podnmentalion peal allemndie 20 poo1uo pow

cpvort 0 L nornade, Dlinteasite daction dos deas <alistagees oo
fees voisine s elle semble Sre cepemdant un peu plus niargueee
senie Te thiozedfate deosondes Blaetivite de ta phagoeylose o s
coNining ponr les concentrations des sodulions variand x’uf N opo

N vowono o opar contre fa concentration N o peut dinzinuer i
scte <tpprimer Paclivité des pobvnneléaires,

Ausiitnl de pharnae dogic de UEeale véérinaire.)

1444



/‘/a Lot 19664588): ) 05§ - 1060

PARATHYRO
Hy Da. l

("‘l“\l RAL groups oi workers!-* hove clabned  that
purathyroid hormone redices caleinm exceretion in e
m.n(. althioucsh Gord .nt hay shown that this is dohicult
to demonstrato in proathyroid dieorders. Pho situation
has been foriher coreplicntad by the reeent repors of
Widrow nnd Levineood thet, wlile parathyroid extract
poddaees ealennn el cooin dops, ne osuch effort gy
denrorestrablo with pove bovine parathyroid bormeoane,
oy Moward Recoecsen s Einad enooeh to supply us
with tae of his pra o parathyicid hovione of potenoy
S aaitalmr wid o have vsad this 10 st ly tae offeet
of the hormons on the unnary excretion of the divalent
cution, meuesann aud onfeive,

Mele 1a0.pm pouocohvrobdectomideed rats were
The wchmgued Jor vaachiation and o colleetun
were there deseribod v Cotloves. A aceddo was inseroad
imu thn tail vein nodd infusione at 3 mlb coven uning

veredd,

i

fiL . Luto Stnnlyser porap and micro-tabine. The infusion
cotution comtainel: cdneass 44 gl sl chiloride
T8 g oy calon s lactawe T Av.d pan Ao

eblorids 10w ecpiiv. L sediam bopann J-) i1 Cadon
and ceeneoian woio esthosted  fhunee peetraphota.
nidrienlly with the Zocaspoctyophotamacer PHLR T
infnaiona wer - sbacted ot d pan. sl conlingied overninh
and thiouchout the !)Lu\*.,zg{ Ay, during which stalde
exceetinon yvabies o odenna, maenesioun, ereatinine and
plessphace wore ebbained (e D Ta peeliminary experie
mconds, addition of 20 units of parathyronl extract (Litiv)
to the infusion over @ period of 1 h produced & profound
full in 1oagnes<dn aua caleinm exerction with no efteer on
eroadinine excretion (Yaide 1 and Mg, 2

2.

Falle 1. EFrEoT 0F PacaTRYdalD EXIRACT ON EXCRETION RATES
Pefote After
Mg Geqalv.miag 0-57 (i-61) . Q2h0nm

Ca Giciptiv.imin)
Creatintne (g 23
The fures in brackets ore exerellon rales of tho eontrol proup of rats at
corrorpondiog s to tha g echuenta) gronp, Anaby e of varlaies shows
that thoe Fsllsdn poegneclen ol ealorm are & l hl) nlmmmut (< 401),

Q18 (317) 0-02 (U-47)
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More detailed studics were now cerried out using the
pure hormone,  The rame striking effects wero obtauined.
iz 3 vhows the eifect of infusing 10 g of pure hormaone,
Three points sbould Lo noticed: thero ia s warked fall in
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ID HORMONE AND MAGNESIUM HOMOEOSTASIS
. MacINTYRE, S. BOSS and V. A. TROUGHTON

Postgraguate Medical School,

London, WW.12

macnesium and caleinrm oxeretion; the creatining cxergy, .
is unchanged; the greatest eftocts on caleiwm ang §, (-
nesiunu exerction are synebranous with that on plesnp ..
CReTetion.
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3.3, 11 effect of Infusing 10 4 ¢ of pure bovine parathyreld honmnone

horngye tiuses marked conservation of urine magnesium
:“'i Caleiom, 3t voems likely that this is a dircet renal
%t and that it ja duo to a chango in the tubular handling
ol these cationg, .
AN magnesivim is maintained by the boly within
, irrow  lunits by eoame  unknown YI.OYII(I'\’):‘%UluU
Mechanien,, W gnoge:t thay thin mechnndsm is Lhe viria.
:;k in oretien of paratic coid hormone in responss to
Mues of plase macnesinn,  This hypothesis is illus.
toateg Fig. 5 This iwplies that a riso in plasma
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magricsinm will inhibit secretion of parethyroid hormone
producing an increased exerction of magnetium in the
urine and o return of the plasia level towards noromal,
A fall in plasma magnesum will stimulate production of
preathy roid hotnone, leading to inersoscd renal eonoery .
tion. The hypothesis also implice that ealeium  and
mmasnesimm homaostasis are intordependent and  that
caletuny hommoatasis wilt not bo msintrioed in the faco
of marld ehnorusalitics in plasma magnesiam,
Hewever, thero e s anhatantinl mmount of ovidenge i

favour of this viow. Firat, experimental sonenesimn

deficiency in the rat prodincea hype resleamia, hyno.
phosphutognia  and in reascd phosphate  clenranaeess,
sugeeslivie  overeseeretion of parathyreoid  honnone.

Seeondiv, megnesiun, nobninistered by stomech tule, can
prevent the mnrked increass in osteoelnsts uzually found
i the foanar of neplinectomized vats®. Thig su ti thae
clevation of plasne magnedum jnlibits feerotion o
prvatio roid bormone,  Thirdly, totul parathiveoidectomy
in the sat s folowed by w full in plma nawneshan,
although the full is ot o marked as that soen in caleinm?,

The cffect of parathyroid hormone on wmine ealeivm
must alvo bo of hommeitatie importance, sithoush over.
shadowed by the effeet of the hormnnns on bone,  Ta the
case of magmesium, however. the renal offreg sy be more
imporisut, since the ealcium @ magnesim ratio in boge
ir 3002 1 while the renal conserving efioel of purathy roid
hormons results in similar retentions of ealcian anad
mdyn v,
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MICROMETIOD FOR THE ESTIMATION OF MAGNESIUM
IN BIOLOGIC FLUIDS

R. G. MARTINEK* axp R. E. BERRY**
Clinical Ckemistry Laboratory, Ioua Methodist Hospital,
Des Moines, [owa (U.S.4.)

{Received January ath, 1964)
(Revised manuscript received March gth, 1904)

T SUMMARY

A micromethod for the magnesium in body fluids, based on the red muagnesium
hydroxide-Titan yellow complex, has been presented. The reagents have been sta-

pilized and their preparation greatly facilitated. The interferences have been {hor-

oughly studied and clcarly elucidated. It is our opinion that, for the practicat wnulysis
of biologic fluids for clinical purposes, they have been largely exaggerated in the extant
literature. The stoichiometry of the reaction has been carefally worked out, l\‘““.lhility
of the method has been established by comparison with two other methuds, by
recovery experiments and by replicate analyses. We believe it to be the fistest, sim-
plest, and most meticulously established method for magnesium in biologic uids
available.

The literature is replete with references to the determination of magnesinm in
biologic fluids. A recent survey of members of the American Association ol Clinjeal
Chemists by RIcE axp Grocan? indicated that, among the 270 respondentsy, 139
performed magnesinm determinations and these employed 25 different toehnics
for determination of this parameter.

Four chemical approaches to the determination of biologic magnesium Juve been
developed. One of the oldest depends upon the precipitation of magnesium as wmapne-
sium ammonium phosphate® The method requires preliminary calcium |«‘|||«;\';\1‘
After purification and redissolution of the double salt, the phosphate is determined
as incrganic phosphorus. ) :

A second chemical method involves precipitation of magnesium as magnesiwm
8-hydroxyquinoline by the addition of 3-hydroxyquinoline at an alkaline pn iy the
method of HorFFMaN?, The resulting compound is then determined eolorimetieally.
ScHACTER® nodified the technic by estimating the compound fluorometricully after
dissolution in ethanolic solution. Recently, the procedure has been automated by
HiLL® by adapting the flow stream analysis system ot the AutoAnalyzers++ 1o o
recording fluorometer. ’

* Present address: Division of Laboratorivs, Chicago Poard of Health, Chicago, 11,

Mich *» Present address: Laboratory Service, Veterans Administration Hospital, Iron Mawntain
slich, . N v

+#* Tochnicon Instruments Corporation, Chauncey, N.Y. (U.S.A}.

Clin. Chim. Acta, 10 (194} \hy 374

2oe

o - r————— =

P TR i)

e ot



.
T art— i e o
e e e e L L

ey

ari

e S e

MAGNESIUM IN DIOLOGIC FLUIDS 367

and 2 ml of reagent-grade 379, formaldehyde {HCHO) to 200 ml with distilled water.
This soluiion is stable at least 1 vr. at room temperature,

Stock 0.075% (wfv) Titan Yellow. In about Soo ml of distilled water dissolve
0.75 g of Titan yellow* (Clayton vellow). Add 10 mlof reagent-grade 379, formalde-
hyde (HCHO) and dilute to 1 1 with distilled water. Filter through Whatman No. 42
filter paper. This solution is stable at least 1 yr. at room temperature.

0.015%, {wlv) Titan Yellow. Dilute 2 ml of stock 0.0753% (w/v) Titan yellow to
10 ml withx distilled water. This solution is stable at least 12 days at room temperature
and at least 1 month in the refrigerator {approx. 5°).

10%, {wfv) Sodium Hydroxide. Dissolve 25 g of reagent-grade sodium hydroxide

Q60 T T T T T 1 T T T T
O. 50‘\

L - R S |
Magresium , mequiv/fL

Fig. 1. Typical calibration curve obtained on a Coleman Junior Spectrophotometer, Model 6D,

(NaOH) pellets in and dilute to 250 ml with distilled water. Store in a polyethylene
bottle. This solution is stable if kept tightly stoppered.

Calibiation procedure

In each of eight 100-ml volumetric flasks place 1.0, 2.0, 1.0, 6.0, 7.0, 8.0, 10.0

and 11.0 ml of magnesium stock standard, 100 mequiv/l. Dilute to the 100-ml mark
in cach case with distilled water. These solutions are equivalent to 1, 2, 4, 6, 7, 8,
10 and 11 mequiv/l of magnesium. Use 0.2 ml of each solution in place of the working
standard ia the routine procedure. Prepare a graph relating mequiv/l of magnesium
to absorbance. This curve shows sufficient daily variability to necessitate using a
Concurrent standard in the routine procedure. However, the curve should be drawn
to determine the extent of adherence to the Beer-Lambert law with various photo-
clectric instruments. A typical calibration curve is shown (Fig. 1),

Assay proccdure

To 0.4 ml of distilled water in a test tube (13 X 100 mm) add 0.2 ml of serum,
urine, sweat or cerebrospinal fluid. Add 0.3 ml of 15%, (w/v) trichloroacetic acid.
Mix well by lateral shaking. Centrifuge at moderate speed for 2—-3 min. Pipet 0.5 ml
of supernatant fluid and 1.0 ml of 0.05% (w/v) polyvinyl alcohol into a round cuvet

* Cat. No. 1835 Hartman-Leddon Co., Philadelphia, Pa. (U.S.A.) or Cat. No. 4454 Eastman
Kodak Co., Rochester, N.Y. (U.S.4)),

Clin. Chim. Acta, 0 (1964) 365-374
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368 R. G. MARTINEK, R. E. BERRY

and mix. Add 0.5 ml of 0.0159; (w/v) Titan vellow, mix, and then add 1.0 ml of 0%,
(w/v} sodium hydroxide. Mix by lateral shaking. Within the next 10 to 23 min, read
the optical density at 545 mu against a rcagent blank prepared by treating 0.2 ml of
distilled water exactly as the unknown. The working standard is also treated exactly
as the unknown. The color is linear up to 7 mequiv magnesium/1. In the casc of urine,
subtract 0.z mequiv/l from the calculated value to correct for the average contriby.
tion of urine pigments to the final results. . '

Al the figures quoted in this paper were obtained with a Coleman Junior Spec-
trophotometer, Model 6D* using 1g-ram round cuvets. To permit readings on as
little as 3 ml of solution in the Ig-mm cuvets, a slice of rubber was cut from a solig
rubber stopper of sufficient thickness to elevate 3 ml of solution, contained in the
cuvet, into the optical path when the rubber slice was placed in the bottorn of the
cuvet adapter.

RESULTS

Spectral characieristics of the reaction miixture

Absorption spectra were determined on pooled urine, pooled cerebrospinal fluid,
pooled serum and on a standard (2 mequiv/l). Fig. 2 graphically depicts the results
of this work. Maximum absorption occurred at 545 mp.

05 L L
045t ' ]
Qa0
035~ : ]
8030‘ A.\“ ~ = —Pooled urine
£ AN e Pooled C.S.F
/o5~ / y - —2mequiv/l |
§ 'li \ ston:?c:rd
3 0.20 ; \ —— Pooled serum
o5k, - ]
N 'I o
o &L T
¥
005y T
./ L X bbb
530 550 630 60 700

Wave length, millimicrons

Fig. 2. Absorption spectra of medified Titan yellow methed in various biologic fluids.

Stability of final colored lake

Fig. 3 shows the stability of the final color when the Titan yellow reaction is
conducted with various magnesium-containing fluids. A useful plateau of color
stability occurs between 10 and 25 min. Data beyond 6o min are not shown in Fig. 3
to permit greater clarity and detail.

Optimal concentration of Titan Yellow solution

The Titan yellow solution was varied in strength between 0.0075%, {w/v) and
9.015Y% (w/v). As the concentration increased, the blank became increasingly more

* Coieman Instruments, Inc., Maywood, Iit. (U.S.AL).

Clin. Chim. Acta, 1o (1954} 365-37
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MAGNESIUM IN BIOLOGIC FLUIDS 369

intense sO that at a concentiation of 0.17% (W/v), it became impossible to set the
istrumment to optical zero with the blank, thus necessitating reading both the blank
nd saraple against water. However, as the concentration of dye increased, linearity
of the final color increased from 3 requiv magnesium /L to 7 mequiv/l at the level
of 0.015%% (W/¥) used in the present method. However, there was no difference in
measured color intensity within the range of coincident linearity. We chose the latter
concentration as acon .protnise between color in the blank, linearity and methedologic
amplicity.

S -
——- — Pooled urine -

Qa5 pocied C.S.F.

0.4 - — - 2 mequivfl Magnesium stangard . -
:E\ \ —— Pooled serum
!g (5.35 d 1
‘)-0'34’ PRSI SSL 8t o P T 4
3 ‘9---4~b’ N

0
g
I
!

Absorban
o
ny
1

OJbL ‘_',,__._,._..,,_.,__,...‘-r"-

pprEnenSn s
Q0! -
005 -
Ol —L J_.._.____L_.._..._r_l—.—___,l. }
o 10 20 30 40 50 [Fle;

lrne. mirvites

Fig. 3. Change in absorbance of final color with time after adding 1025 (wW[v} sodium hydroxide.

The stoichiometry is further illustrated by using the dye exactly as in the present
method but doubling the amount of sample (proportionately reducing the amount of
water used). This resulted in exactly twice the color intensity but strict adherence to
the Beer-Lambert law prevailed only to about 2.5 mequiv magnesium/l.

Strength of alkali used

No difference in results was obtained when the alkali was varied from 8% (w/v}
to 15% (w/v). 10% (w/v) sodium hydroxide was chosen as a compromise, permitting
casy preparation of the solution and yet allowing considerable error in its preparation.

Choice of dispersing collotd

Various dispersing and stabilizing agents have been tried with Titan yellow for
the estimation of biologic magnesium. The agents used included starch?, gelatin?s,
hydroxylamine hydrochloride*®, gum ghatti” and polyvinyl alcohol®. For various
reasons, we limited the final choice to one between gum ghatti and polyvinyl alcohol.
A 0.05%% (w/v) gum ghatti solution was prepared in the same fashion as the 0.03%
{w/v) polyvinyl lcohol solution used routinely. ‘The gum ghatti solution was used
in the routine procedure in exactly the same manner as the polyvinyl alcohol. Peak
absorption, when gum ghatti is used, occurs at 550 myc as opposed to 545 mye in the
routine assay using polyvinyl alcohol. Comparative results with the two dispersing
colloids are shown in Table I. The final color using each colloid was read at the
respective peak absorption previously abserved. Despite the somewhat higher blanks

Clin. Ckim. Acia, 10 (r9hs) 365-374
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370 R. G. MARTINEK, R. E. BERRY

with polyvinyl aleohol, it is superior to gum ghatti in affording greater sensitivity
and somewhat greater color stability. Furthermore, the polyvinyl alcohol solution is
considerably easier to prepare. Sparg got results with gum acacia that were iden.
tical to those with gum ghatti. He also found polyvinyl alcohol superior, and foun
dextrans and humnan albumin of no value for increasing color intensity. SPARE Y dig

find that human y-globulins intensified the color to the same degree as polyvinyi
alcohol. : '

Choice of deproteinizing agent

Stabilized tungstic acid, as formulated by KRAUTMAN, may be used as a direct
replacement of 15%, (w/v) trichloroacetic acid in the routine assay. However, tlis
results in a drop of about 79 in color density. Thus, despite a slightly higher blank,
it is preferable to use trichloroacetic acid as the deproteinizing agent.

«TABLE I

COMPARISON OF TWO DISPERSING COLLOIDS

Specim 0.05% (wfv) Gum Ghatti 0.05%, (wfv}) Folyvinyl Alcohot
pecimen {Optical density) (Oplical density)
Serum 0.088 ©.106 V
2 mequiv/l Standard 0.104 0.125
4 mequiv/l Standard 0.207 ’ 0.251

We would not advocate eliminating the deproteinizing agent completely in this
method as suggested by Sparg!”. By doingz so, we obtained results that averaged
about 7% higher than with deproteinized serum and they were somewhat erratic,
We do agree, howe\'er,lwith SPARE’s observation? that serum should be diluted prior
to assay or low rcsults. and poor recoveries ensue. '

Efects of potential interfering agents

Calcium. Addition ,Luf as much as 15 mequiv/l of calcium to the working standard
produced no change in final absorbancy. This corroborates the work of SPARE? and
extends it. . :

Gluconate. ANAST®® found that a Titan yellow method, modified from that of
ORANGE AXD RHEIN', gave false low results in the serum and urine of patients
receiving intravenous calcium gluconate. We confirmed this finding.

Mercury. Recently, BARKER et al.?* found that mercurial diuretics resulted in
falsely low urine magnesium levels in patients receiving these drugs. We confirmed
this effect. : :

Phosphate and ammonium ions. Amounts equivalent to twice the upper physic-

logical limits for these ions produced no effect on serum analyses with the present
method. :

Use of anticoagulants

Potassium oxalate, ammonium heparin, sodium citrate or the disodivm salt of
ethylenediamine tetraacetic acid may be used as anticoagulants with no change in
values stemming from analysis of the resulting plasma.

Clin. Chim. Acta, 10 {1964) 365-374
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viject of hemtolysis

The effact of hemolysis occurs in two stages. With moderate hemolysis, the
.alues are slightly elevated due to the higher concentration of magnesium in red cells
s opposcd to serum. However, when the hemolysis becomes massive, the values
1ecome abnormally low. ‘The reduced values apparently are the net cffect of hemo-
<lobin iron and enrichment from intracellular magnesium, with the iron efiect pre-
dominating. The diminution in values is proportional to the concentration of extra-
\asated iron. This can be demonstrated by adding ferric iron to serum samples. The
(ffect, however, cannot be demonstrated on protein-free filtrates. The cffect may be
Jue to a change produced in the protein-bound fraction of magnesium which causes
the magnesium to be more tightly bound to protein and not released by the depro-
winizing agent. Thus, only very slight hemolysis can be tolerated. ORANGE AND
RuEIs ¥ used cupferron for removing non-physiclogic levels of iron. This should not
pose as a practical problem.

Effect of lipemia ‘
We could demonstrate no effect from lipemia in serum on the present method.
Therefore, fasting blood samples are not mandatory.

Eficct of bilirubinemia

Values of serum total bilirubin up to 32 mg/roo ml were found to have no effect
on the determination of serum magnesium by the present method. If the serum is not

deprotcinized, however, each 1 mg of bilirubin/100 ml raises the serum magnesium
Tevel by about 0.05 meqguivl.

Precision
Thirty serums \were analyzed in duplicate. The standard deviation, calculated
by the formula'? :

was 0.04 for the present method. Since there is usually no need for deproteinizatior.
in urine, sweat or cerebrospinal fluid, the precision would be expected to be at least
as good as for serum. Normal levels of sweat magnesium are measured at suboptimal
regions of instrumental sensitivity and the precision might be expected to suffer
accordingly.

Recovery of added magnesium

Recovery of magnesium was studied by adding known concentrations of magne-
sium to serurmn. Results are shown in Table IL. The excelient recoveries are consistent
with the good precision found. ’

Comparison of methods

In order to validate this micro method, the present method was compared with
the macro Titan yellow method of HEAGY® and the ammonium phosphate method of
Brices® relative to serum analyses. The results are given in full in Table III, from
which it may be seen that, in general, the agreement was excellent between the two

Clin. Chim. Acta, 10 (1964} 365-374
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372 R. G. MARTINEK, R. E. BERRY

Titan yellow methods, but that the ammonium phosphate method of BRIGGS? gave
results, on an averaze, 5% higher than the Titan yellow methods.

tability of magnesivm on body fluids
Serum should be separated from the clot within § h of collection but the analysis
may be delaved at least 24 h at room temperature {approx. 25°). Analyses may be
deferred indcfinitely if serum, urine, sweat and cerebrospinal fluid are kept frozen
(approx. —15°).
’ TABLL II

RECOVERY OF MAGNESIUM ADDED TO SERUM

Magnesivm added Magacsium found ) %%
mequiv|l mequiv/l ' Recovery
0.0 1.54 < 0.04 {10)* —
0.50 2.03 -+ 0.04 {5) 97.0—~ 99.1
1.00 2.52 -1+ 0.04 {9) 97.1— 98.7
2.00 3.54 003 (s1) 99.3-100.8

*# Aean -- $.D. Figures in parentheses are number of samples studied, in duplicate.

TABLE I1I

COMPARISON OF DI¥FERENT SERUM MAGNESIUM METHODS

Specimen Serioin smagnesium mequiv]l eccording lo

No. this paper method® melhod*
b 1.70 T 1.78 1.84
2 1.57 1.84 1.96
3 1.70 1.79 1.83
4 1.64 1.60 . L.74
3 1.84 1.83 1.94
6 1.80 1.79 1.93
7 1.9t 1.92 2.0Z
8 2.06 2.06 2.14
9 1.59 1.83 1.90
10 - 1.55 1.59 1.64
11 1.73 1.70 1.8z

12 1.99 1.95 2.11
13 1.72 1.74 1.81

14 1.68 1.64 1.76
15 1.83 1.82 1.92

“Mean 1.80 1.80 " 1.8¢9

Normal values

Thirty five fasting serum samples and twenty 24-h urine specimens, preserved
with toluene, were obtained from hospital personnel having no signs of illness. Both
sexes were about equally represented in the groups used for serum and wrine collec-
tions and ranged in age from about 18 to 60 years. Sixteen specimens of sweat wei¢
obtained from pediatric patients and eighteen specimens of cerebrospinal fluid were
obtained from adult general hospital patients with no clinical history of magnesium
deficiency or excess. Magnesium determinations were performed on the serums within
I h after collection of the blood at room temperature (approx. 25°), on the urine
samples within 4 h after collection and refrigeration at 5°, and on the sweat and cere-
brospinal fluid samples within 1 h after collection and refrigeration at 5°.

Clin. Chim. Acta, 10 (1964) 365-37
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The 93% limits for serum magnesium were X.4-2.4 mequiv/l and for urine
agnesiumm were 1. 5-9.5 mequiv/z4 h. ,

The 95% “ynormal” limits for sweat magnesium were 0.1-0.5 megquiv/l and for
cerebrospinal fluid were 0.9-3.1 mequiv/l . '

No statistically significant difierence between male and female levels was found
in any of the body fluids.

DISCUSSION

Ve obtained extremely good results with the use of formaldehyde in preserving
poth the polyvinyl aleohol and Titan yellow colutions. We consider this a distinct
contribution to the simplification of the Titan -yellow method. Caraway (personal
communication) has obtained fairly good stability by dissolving the Titan yellow
in methyl cellosolve. However, color development is slower in this medium and color
stability is nol as goud as in an aqueous medium. Sodium azide proved a good
preservative but interfered with the color reaction. It should be pointed out that
additional formaldehyde added to the 0.015% Titan yellow solution was not found
effective.

The 0.05%% (W/V) polyvinyl alcohol and 0.015% (w/v) Titan yellow may be pre-
mixed in the ratio of 2:1. ‘This mixture is stable for only one week at room tem-
perature or in the reirigerator. Unless the work load i3 very heavy, we do not re-
commend this expedicot. \We strongly caution against adding the 10% (wiv) sodium
hydroxice to this mixture for any protracted storage period. Polyvinyl alcohol
shows poor resistance to both strong acids and alkalis, anc. should not be exposed
to the sodium hydroxide for long periods.

The wavelength used, 545 m, is critical as seen in Fig. 2, and is valid for the
Coleman Junior Spectrophotometer. It js well to check the wavelength calibration
of this instrument quite often with a didymium filter when performing magnesium
assay. In this way, maximum sensitivity can be assured. If other instruments are
used, check the 540-545 My region for maximum absorbance. Filter photocolori-
meters may give capricious results. The use of a concurrent standard somewhat
minimizes these considerations. o

Turbidity in the trichloroacetic acid protein-free centrifugate, which sometimes
occurs, disappears on the addition of alkali and apparently does not interfere with
the determination. It has been stated that filtration avoids this turbidity. However,
the danger of picking up adventitious magnesium from the Alter paper must be kept
in mind. Further, fiitration does not subserve a micro technic.

\Vith the use of a concurrent standard, the variation in commercial lots of Titan
yellow is not as important and we do not specify that the dye be purified before use.
We found no difference in actual use in the following commercial Titan yellow pow-
ders: (1} Lastman #4454 (Eastman Kodak Co., Rochester, N.X. (U.S.A)), (2
Hartman-Leddon 1835 (Hartm:m-Leddon Co., Philadelphia, Pa. (US.A)), and (3)
National Aniline Indicator Cat. No. 223 (.\’ational Aniline Division, Allied Chemical
T VA NV OIS AN

Ltoal, Anncityr
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st by pies peceiving a purihed coseinsglucose dict contining lecvels of magnesium
of 75,935, 3253, 425 and 825 prm, Dietary leveds of Ca and P were maintaived ac 0.8
and 677 pespectively. with a constant dietary vitansn D level of 3800 U ke, Food

i‘l"ﬂ\v aned cansequent mineral intake

rary Moo Increasing dictary Mo level abeve

were rednced i anonals recetving 73 ppm dic-
225 ppry did nnt significantly afiect Ca or

I i-.,l .:re hat the mavimal percentaue retention of Ca and P was obtained with pigs
receiviny 323 ppar of diciary Moo Urinaey Ca everction wis significantly increased by
incrensed dictare Moo baercw Al oad Mg balanes were both posinvele related to Ma
mtake. Maximal peeeentare Ao retenaon was obteined winh dietary Mg levels of 223

of 3U0 poni.

Studies by [art and Steenbock « Fy with
adolcscent pigs hove shown that the addi-
ton of muegnesiom salts to a basal byan
dist riesults in inereascd urinary caicinm
elimination and may result in a negative

.gakcium balance. Swudies by Bartley et al.

{2), Freese (2 and Lenkeit and Freese
(4) with baby pios receiviag a purified dict
or milk dist have shown that macuesium
balance is positively related to magnesivm
intake. Studies with other laboratory ani-
mals hove generally shown adverse effecis
of increased dictary caleium and phosphe-
rus upon dietary maenesium arilization
(5), bur increasing dictary rmagnesium
has not generally (,rmtl) affected calcium
and phosphorus utilization {6).

Phe present study was undertaken to
determine the effects of dietary magnesivm
upon calcium, phesphorus and magnesium
utilization by the baby pig as deterinined
by mineral balance trials and to provide
supplementary information towurd a more
accurnte determination of the magncesium
requirement of the babv pig (7).

MATERIALS AND MFTHODS
Buby pigs used in this study were from
the second of 2 trials conducted to detcr-
mine their magnesium requirtement (7)
when fed purified casein-glucose diets.
Calcium, phosphorus and magnesium hal-

J. Wurretion, 850 °63

ance studtes were conducted with pigs re-
ceiving 75, 225, 323, 415 or 8§25 ppm.
Dictary levels of Ca and P were 0.8 and
0.67 . respectively.  Dietary sources of
P and Mg were identical with- thase
used in previous balance studies (8-10).
Vitamin D. was supplied by cod liver oil®
ae i dictary concentration of 1800 [U ke,
Twentv-ninc mineral balance determina-
tious wetre made when the bhaby pigs wore
Lo 6 weeks of uge. Methods of performing
the baiance trials were similar ta those de-
scribed previously (10). Three 3-dav col-
iections with controlled intakes were made
en 2 animals receiving dietary Mg at cach
level sith the exception that the final col-
lecdion for one of the pigs receiving 73
ppm of dictavry Mg was not completed be-
cause it died suddenly in Mg-deficiencv
tetany. A 3-day adjustment period with
identical intake precedad each coilection
period. Distilled water served as the scle
source of drinking water. Analyses of food.
fecal and urine Ca, P and Mg were per-
tormed by methods indicated in a previous

Rreetved for publication September 2%, 1984,

t Published with the approval of the Director uf
the Michuzan  Agricultural Experiment Station as
Juurnal ardcle no. 3473,

2Presented  in part before the meeting of the
Amertican Institute of Wutrition, April. 1983 (Federa-
tion Prec., U2: 101, 1963, abstract).

'Q:.u'("\r.hzml Cod Liver Qi) (6.23 py vitanie 1, vl
Parke. Davis and Company. Detroit.
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study (107, Data were examined by anal- had  depressed  appetites which necesst

ysis of vacianee, and st wistica!l signiticance
of treatment dilferences was -deter
by the wuliiple range test of Duncan {
coctlicionts
for coitain Tactors al mineral badance and
tested Tor signtficance

Correlation

BRESULTS AND DIsCUSSION

The swnmarized data frosm the balanee

studics

Dueily e

UTC Presy
the pigs receiving

tated reduced (unuuiud food tntakes and
resulred in reduced mineral intakes. There
was no depreasing etivet upon tood intake
of pigs receiving hgher dlLt. ry Mg con-
conirazion. and  blenten!  newr-maximal
controlicd intakes were malntained  in
siinultoneous coblections.  Increasing the
detary Mg concentration above 225 ppin
did not signiticandy aticce fecat Ca or P,

arine P, Ca or P halince. o Ca or P oreten-

mined
11
vere deterimn u'

B

nted in table Loth of

75 ppm ol dicwry Moo tion, Maximal Ca oo P halanee and the
TABLE 1

B, phosplerras wind megnesiicm (-u.Juu ward retention as uffectod by
duwtiry muagresin i

\!l

423 823
No. of callections G G
. Duaily toad
T intake. g 30061 33° 433 =8 dad Ao ERRESERY . 332480
Ca balince
Daity Ca
jntake, o 2.0 22 0.265 546 638 RIS TR ENC R 346 0.38 348 2026+
Daily reenl )
Ca, 1 Q.46 = 0.08 0.13 =005 U3 00n (£ S 60 V) R RESVRLY
Duatly urinury
Co, 1 0.002 = 0001 0.008 2 0.0C1 w1d 2 0004 0.011: 0.001 0.0 20,0051
o Datly Ca '
retenuotl. g 1.93:m0.24 203 =005 AR DU & R T 200 = 0.33
Ca rctention, e 81 =0 87wl L9 e sG-l BG =2
P balance
" Daily P
intake, ¢ 1.5 —~ o D0 Q2 2RL 010 RENE By Wt Q60 02
Datly fecat
P 0.22 = 0.4 9222003 3.20 = 0.0} [ Lm-ay i X 6282 0.06
..... Duaily urinary
P,z 0.22%0.05 0.22 -G08 0.2 =004 Q.43 =0.038 0332007
Daily P . .
rotention, ¥ 1.36 0.0 PR AN 210002 pAVE=YI NS 1.98 2020
P retention, 4 T3 TO2 sl 2 T4 TT=23
Al baedlance
Do R3S
"lt.lkg iy Q3= 97 ' HES S ST E86H = 21 AsST = 3an
- Paily tecal
Mg, my E=1 2123 AR S 1> = o4
Daily urinary . .
o 13344 Colzzull i -} 4ol G Y 2530
D.tdy Mo ;
) retention, my 142 T3y UYL 125 L 192 = 35
My retention, 7 62=3 i7 TGO LRl G5 T 316
" Slcnn + SE - » T T
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s Sicnificantly sreater than least tiree « | ZES X RS T l‘ \u’n
G T QD el L GOL *

"‘ol caiticantly greater than all otier
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percentace Coor Porctention were ebiained
with piegs recciving 5325 piaon ol dietary At 3t
) Urine Ca exewction was sienitioantds in-
creased by inereased dicooy Mzooeiteke
with o coveclation coctlicient of 0.75 b
0013, Serum Cooaeed Mo conceneritions
i these antinais wore vosithoely refaied as "
were also sern Maoconcentration and -S‘ <
Me intake V). The ocreascd sevum Ua 3
concoptraton present cotcoeimitant’y o vith c:
incrogsed soriam Moo concentration as E
conseauence of increased Ve intake coiddd 3
account for the increased nrinary Caowirhe- 1
out ‘chanuing the secretery constang jor
enadd cleavance 140 The badture of die-
ary Mg level o alfect Ca oor P obabance
viller than winary Co s Hosteated in -
wes 1 and 2. . >
The dota in wtable 1 indhcate that in- 5 875
creasing dictiry Me conceniution rosults
in both mnercascd excreta Mo and increased Dietary My, ppm
Me retention. FThis is in acvecment with o e . e e b
[H'é\'i()!:.\‘ Ghoe Tations 9. 5) and s awell '“:,L;r_; ;“?(!\xl(.).\pl_m(u: bulance as affecred by die-
ilustrared in fivare 300 This is Turther )
verified by the sigmfcant veludonship be-
tween the faciors of My intihe, oxcretitn
and veteation. The correlaiion cecftieio s
of all wnima's for these faciors vere: Mg Y Tr
Intake and Mg vetentien Q1) Mz oin- ¢ :
take and excreta Mg (0.90;. My intahe aned !
, 300} l i
!
i fecalé
o i ] { H
3 s |
sa 2063 ;
= = —+
3 z lintake
S 2
w =
'''' g =
S
19
1F N
. \ \
Y
AN
. AVORVN
5 25315385
Bietary Mg, pom ' Dietary Hz, pom
-Fig. 1 Calcium halance as affeeted by rficmr_\’ Fig. 3 Magznesium balanes as affected Ly dic-
Mg level tacy Ma lovel, | ' )
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tecal Mg £ 0.87), Lecal Mg ared urinavy My
¢ G.79Y. Me inake and urinacy Mg (0.73)
aud My retention and excreta Mg (0.61).
ALl of these correlation coclficients wete
watistically sienificant (F < 0.01). When
Meointake and the percentaye My reton-
tion of all animals were corrclutcd the
cocflicient was — 0.32 { nonsigutficant ;.
however. when values for the Mg-aeficicut
pivs (70 ppm) were not considered in this
cotrelaton the coefficient beeame — 0.5%
and statistically significant (P -<0.01).

Pigs in this study (excluding those rc-
ceiving dietary Mg at the lawest level)
made un average body weight gain of
300 ¢ daily during the course of the bal-
ance trials. Using the assumption of Bart-
lev 2) thut Mg concentration of the pid's
body is 0,037, the required daity My re-
tendion to maintain this body Mg concen-

“ration 13 90 mg. Pigs recelving 323 ppin

_of dietary Mg vetained 109 mg daily which

appears to be an adequate muargin of

saftety.
Data obtained in this study corroborate
the work of Yorbes (G) with the rat, in

that increasing the level of dietary Mg did -

net siunificantly  affect daily Ca or P
retention but increased daily Mg retention.
The batance data do not indicate a higher
dictary My requirement than that of 325
ppm determined by other criteria (7).
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SPI{L‘CTROCHEMICAL DETERMINATION OF MAGNESIUM,
CHROMIUM, NICKEL, COPPER AND ZINC IN HUMAN PLASMA

by .

RICCARDO MONACELLI*, HISASHI TANAKA** axp JOHN H. YOR
Pratl Trace Analysis Laboratory, Departiment of Chemistry,
University of Virginia, Charlotteszills, Va. (U.5.4.)

The purpose of this investization was to develop a spectrochemical procedure for
the determnation of the following elcinents in human plama: magnesium, chromium,
nickel, copper and zinc. It is part of a long-range study of the trace element content
of human blood being conducted in co-operation with the Hematology Laboratory
of the University of Virginia School of Medicine. 1

"
: “APPARATUS

Spectregraph. Applied Rescarch Laboratories z-mctier grating spectrograph, mo-
dified with exterior optics and ignitor 1. :

Excitation source. Applicd Rescarch Laboratories rectifier unit, 0-135 amperes
direct current.

Densitometer. Applied Research Laboratories film projection comparator-densito-
nicter,

Calculating equipment. A calculating board was emploved to convert densitometer
readings to intensity ratios by means of the film calibration curve,

REAGENTS
Hydrochloric acid. Baker and Adamson. Reagent grade. Qualitative spectro-

graphic analysis showed the acid to be free of the elements to be determined.

Nitric acid. Baker and Adamson. Reagent grade. The acid was distilied in an all-
Pyrex distilling apparatus.

Hydrogen peroxide, 30, Tisher certified reagent.

Sodinm heparin, solid salt. USP, Orzanon Inc., Orange, N.J.. Qualitative spectro-
chemical analysis of a sample showed it to be free of the metals to be determined.

Triply distilicd water. Laboratory distilled water was passed through an exchange
resin column (Dowex-50 ¢ 12: 50-roo mesh) and then distilled twice more from
two giass stills in series and automatically controlled. The second still was fitted with
a fused silica condenser tube and the water was collected and stored in polyethylene
bottles.

EXPERIMENTAL

A. Cleaning procedure

All apparatus coming in contact with the plasma samples should be clcaned in
the followinyg manner: ’

* Present address: Instituto Superiore di Sanit. Viale Regina Elena 200, Rome., Ttaly.
** Present address: Medical Faculty, Pharmaceutical Department, Kyoto University,
Kyoto, Japan.
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(1) Wash well with detergent and water using a test tube brush for scrubbing.

(2) Soak in a cleaning solution for at least half an hour. The cleaning solution
is a mixture of nitric and sulfuric acid; better to use hot nitric acid.

(3) Rinse with tap water; then rinse six times with distilled water.

(4) Rinse with triply distilled water.

R. Preparation of the sample

It is necessary to draw the blood froin the donor in a very carcful manner i
order to avoid contamination. The sample is drawn as described by THIERS, WiLLiaws
Axp Yor: ® in their work on cobalt, using a 50 milliliter hypodermic syringe, fitted
with a special platinum—ruthcnium alloy needie {J. Bishop and Co., Platinum Works
Malvern, Pa.). Before using, the needle is cleanced in the same manner as in washing
glassware, with the exception that it is iminersed in cleaning solution for only 20 or
30 seconds. The clean syringe and needic are then placed in glass jackets and sterilized
Ly heating them in an oven at 180° C overnight. One and one-half milligrams of
sodium heparin are added to the chamber of the syringe in order to prevent coagula-
tion of the sample during drawing. The plasma is obtained by centri{ugation in a
polyethylene bottle and the sample is kept under refrigeration.

C. Digestion of the sanple

Many reagents for wet ashing are available. Their advantages and disadvantages
are well demonstrated in an extensive study by MIDDLETON AND STUCKEY * and by
Surrir and co-workers 4. We found that the use of nitric acid and 30%, hydrogen
peroxide gave us the best reproducible results. The procedure for digesting plasma,
which can be applied also to red cells and whole blood, is as folloivs: _

(1) Take from the polyethviene bottle used for storage between § and 10 grams
of plasma and pour into a 50 ml Erlenmeyer flask (3 t0 3.5 ¢ for red cells and whole

. blood).

(2) Add 2 m! of nitric acid, previously distilled in order to climinate possible
contamination, and 0.5 ml of hvdrogen peroxide and heat on a hot-plate to slightly
below the boiling point of the solution. \When the material has reached a syrupy stage.

‘the cvolution of heavy brown vapor starts and the temperature is lowered in order

to avoid a sudden “self-ignition”. In fact, as MIDDLETON AND STUCKEY * pointed out.
the temperature ohtained locally for a short period is obviously quite high as indicated
by bright “hot-spots’ and it is to be expected that such a vigorous reaction mixht
Jead to loss of some metals. After this reaction subsides the black residue is left on the
hot-plate, the temperature is raised, and the residue is brought to complete dryness.

(3) Place the flask in a mufile at 350° C overnight,

'(4) Allow the flask to cool and add 1 ml of nitric acid. Put the mixture on the
hot-plate and let it boil slowly to dryness. This operation is repeated once miore.

(5) After cooling, 1 ml of hydrochloric acid is added to the mixture and again
boiled to dryness.

(6) Add the internal standard to the residuc and make upto 3mlina volumetric
flask. . ' )
References p. 582
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Element
I
Magnesium
Chromium
Nickel
Copper
Zinc

e ———T
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TABLE 1

FOR MAGNESIUM, CHROMIUM, N

DI

|

Sample No. \ Element
T
1 . Magnesiun
2 "
3 "
1 Chromium
2 »
3 ”»”
1 Nickel
2 "
3 v
1 Copper
2 »
3 ”
1 Zinc
2 o
3 "

voL. 1 (1431,

1CKEL, COPFPER AXND ZINC IX HUMAN PLASMA

.‘__...’-———-,—,_—__’__._—-—————‘

Content, 7lg Range, ¥ig Mcthod
,,,,, ,_.,___,,_____.,_‘__,,4,4_,____/.._._»,
24 10-42 Spectroczhcmica\
22.7 19-25 Colorimetric
32.3-37-3 Chromatographic
17-29
0.18 0.05-0.3 Spcctrochcmical
0.02 0.007-0.5 Spcctro«:hcmical
0.04 0.01-0.00 Spcctrochcmical
0.03 0.01-0.035 Spcctrochcmical
Colorimetric
1.0-2.1 Spectrochemical
0.87-1.61 Colorimetric
0.67-1.3 Spcctro:hcmical
0.65-1.33 Colorimetric
0.6-2.3 Spcctmchcmical
0.72-1.0 Colorimetric
Colorimetric
1.40-2.00 Colorimetric
1.20-11.40 Colorimetric
1.20-10.10 Colorimetric
1.37-2.84 Colorimetric
1.41-2.72 Colorinetric
0.84-1.57 Colorimetric
0.58-1.03 Caolorimetric
0.32-1.50 Colorimetric
0.79-1.50 Colorimetric
A "~ TABLE I

DATA ON CONTROL SAMPLES

e
Quantely added

vig

20
30
40

0.2
0.3
0.4

0.03
0.04
0.05

1.0
1.2

1.40

1.0
1.3
1.5

Investigator
S

e e

MoxacrLit, TANAKA AND You

ORANGE 8
SEILER ®
}aLp et al?

VovackLLl, TANAKA AND You

Kocn et al®

MoNACELLY, TANAKA AND Yo

Kocu ¢t al®
Crueit?

AJovaceLLi, Tavara AND Yeu
Daun

CarTwrIGHT It

Kocn ¢t al®

Tbid.

MoxacieLLl, TANARA AND Y
ERFENSTAM 2

Hocii *3

\WoLFr M

Vv aLEE AND GIVSOXN 16
Ihid.

WoLFF 1?

Ibid.

VIKGLADH 1®

Tud.

fsoci et al.®

Ibid.
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Quantity rzcovered
vig

IS

21
315
414

0.18

0.33
0.38

0.025

0.037
0.03

1.04
1.29
1.45

0.92
1.2

1.46
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TABLE III
DATA OX PRECISION OF METHOD

Average concen- Coefficient of Nuwher of
Llement SO P ;o
tration tn /g variation determinations
Magnesium 24 1.6o0 | 25
Chromium 0.18 0.13 ) 25
Nickel 0.04 0.45 12
Copper . 1.2 1.16 22
- Zine 1.3 I.32 14
SUMMARY

Procedurcs are presented for the collection and digestion of human plasma for
the spectrochemical determination of Mg, Cr, Ni, Cu and Zn. Data on the precision
of the method are given. Values found for the five metals are compared with those
given in the literature, :

The procedure for digesting plasma can be applied also to red cells and whole
blood.

RESUME
L3

Des méthodes sont proposées pour la préparation et le traitement de plasma
humain, en vue d'un dosage spectrochimique des ¢iéinents suivants: Mg, Cr, Ni, Cu
et Zn. La précision obtenue par ce procédé est donnde. Les résultats trouvés pour ces
5 métaux comparés avec ceux signalds dans la littérature. Le mode opératoire déerit
pour la mincralisation du plasma peut ¢tre appliqué égilement aux globules rouges
et au sang total.

ZUSAMMENFASSUNG

Verfahren werden vorgeschlagen, mittels derer menschliches Plasma, dessen Ge-
halt an Mg, Cr, Ni, Cu und Zn spektrochemisch bestimmt werden soll, gesammelt und
vorbehandelt werden kann. Es werden auch Angaben {iber dic Genauigkeit der Metho-
de mitgeteilt. Die fiir die fiinf Metalle gefundenen Werte werden mit denen der
Literatur verglichen. Das Verfahren zur Vorbehandlung des Plasmas kann auch auf
rote Blutkérperchen und auf Gesamtblut angewendet werden.

~ PE3IOME

Ilpcararactes Merod cSopa 11 HACTRIBANIMA HEAOBEHCCKO MAAIMBL ANA CHEKTPOXIIMIMEC
KOTO OUPCICACHIA Martitg, NpoMa, tuixeas, dMeut i yiika. Iipiusosaren xauwsie o TounocTir
BTOr0 MCT0AQ. SHIMCHIA, HALICHHBIE AR ITHX AT MCTRAAOB CPACHHBRIOTCA € HIMCIOUTI-
MMCR B ANEPATYPE TARIUBIMIL

QusicepaeMutii NPOLECC OTCTAMBAIIA IAAIMBL MOKET TAKMKE ObITE NPUMEHEH K KPUCHBIM
KPOBANBIM TCAXM M KO BCEil KPOBIt.

SlIT

T



Pran

P .

. — o —

A Mlte s Ul R L eyl v e e

SR FURN N

- O it C

-

12
13
15
16
17

~ 517

582 R. MONACELLY, H. TANAKS, J. H. YOE voL. 1 (1950

REFERENCES
R. E. THiers axp J. H. Yoe, Sor. Appi. Speciroscopy Bull,, 5 (1951) 8,

KO E. Triers, J. ¥ \WILL1AMS avD J- 1. YoE, Anal. Chem., 27 (1953) 1725,

G. MippLeroNn axnp K. k. STUCKEY, Analyst, 78 (1953) 532.

L L. Ssvn, E. YEacer, N. Kaursax, F. Hovorka axo T. D. Kix~Ney, Appl. Speclr-)scop)-‘ y
(1953) 167,

M. Oraxce, J. Bio?. Chem., 189 (1951} 370.

H. SeILeR, fele. Chim. Adeta, 35 (1a5:) 2483,

UM Harp, AL 1. HEINSEN anp J. P Perers, f. Biol. Chew., 118 (1937) 275.

H. J. Koen, Jr., 12 R, Ssatu, N. P SHivp axn J. Coxxen, Cancer, 9